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Abstract 
No detailed study has ever been conducted on the spinner (Stenella longirostris) and 
Indo-Pacific  bottlenose  dolphins  (Tursiops  aduncus)  that  inhabit  the  waters  around 
Mauritius.  The  general  lack  of  knowledge  regarding  local  cetaceans  and  concerns 
regarding  the  potential  impacts  of  numerous  anthropogenic  activities  in  the  area,  in 
particular the dolphin watching, prompted this study. The extensive development seen 
along the west coast over the last two decades and the rapid growth of the dolphin 
watching  activity  since  2000  are  cause  for  concern  for  the  sustainability  of  these 
populations. Photo-identification data were collected between April 2008 and June 2010 
along a 30km length of coast on the south west of the island where a dolphin watching 
industry is concentrated. Data were used to obtain the first estimates of abundance, site 
fidelity and residency patterns for these species, along with social structure and genetic 
information. Collectively these are to be used to make recommendations for conservation 
and management which are needed urgently to limit impacts of the high levels of human 
activity along this area of coast.  
Bottlenose  dolphins  were  encountered  at  a  rate  of  0.53  groups  h
-1  (0.07  s.e.)  and 
sightings occurred in mean conditions of 13.3m (0.8 s.e.) water clarity, 26.1°C (0.3 s.e.) 
sea surface temperature (SST) and 20.6 meters depth (1.6 s.e.). Thirty five bottlenose 
dolphins  were  identified  as  distinctively  marked  individuals  (DMI).  Three  newborn 
bottlenose dolphins were recorded during the study and the overall percentage of calves 
in the population was calculated at 20%. Population estimates found that less than 100 
individuals used this area of coast. Sightings of bottlenose dolphins occurred along the 
entire 30km length of coast included in the study and displayed high levels of site fidelity iii 
 
as indicated by high long-term re-sighting frequencies. Comparisons of site use found that 
the highest sighting rates were observed at Morne in the south while the lowest was in 
Black River Bay. The 50% kernel contours covered the area between Tamarin Bay and 
Black River Bay and also Morne, occupying an area of 20.0km
2 while the home range 
covered 69.5km
2.  
Average group size for bottlenose dolphins was 5.5 (0.3 s.e.) but a significant reduction in 
average group size was observed during the second year of the study (t-test, p<0.01). The 
mean group size was significantly larger at Morne compared to the other sites (Welch 
test:  F=5.29,  df=31.65,  p<<0.01).  Investigation  of  social  structure  revealed  low  mean 
levels of association 0.14 (0.05 s.e.) but some degree of preferred associations was found 
between  identified  individuals.  Temporal  analysis  of  associations  resulted  in  the 
population  being  described  as  having  two  levels  of  casual  acquaintances.  This  model 
suggested that 9% of identified individuals were casual acquaintances staying together for 
a  few  days,  while  5%  of  associations  lasted  at  least  the  length  of  the  study  period. 
Analysis looking for community division within the population determined that all animals 
seen regularly were part of a single community. The bottlenose dolphins had low levels of 
genetic  diversity  (He:  34%)  and  displayed  high  levels  of  relatededness  from  shared 
mtDNA, though these results were based on a small number of samples. There was no 
evidence  of  a  recent  bottleneck  but  the  bottlenose  dolphins  displayed  a  mode-shift 
indicating a loss of rare alleles. 
Habitat features for spinner dolphin sightings were very similar to those of the bottlenose 
dolphins at 14.5m (0.5 s.e.) clarity, 25.9°C (0.2 s.e.) SST and 20.4m (1.0 s.e.) depth but the 
encounter  rate  was  higher  at  0.94  groups  h
-1  (0.12  s.e.).  The  percentage  of  marked iv 
 
individuals in the population was determined to be 22% and 83 spinner dolphins were 
identified as distinctively marked individuals (DMI). Calves made up approximately 10% of 
the population and newborns were recorded throughout the year. Subsequent estimates 
indicated that less than 500 spinner dolphins used this area. High long-term re-sighting 
frequencies implied that the spinner dolphins displayed considerable site fidelity to the 
area of coast included in the study area. However, comparison of site use found that 
Point Moyenne Bay had the highest sighting rate and the lowest, Benitier. The 50% kernel 
contours for spinner dolphins were centred in the three bay areas and covered 9.1km
2 
while the area covered by the 95% kernel contours was 53.0km
2.  
Mean  group  size  was  52.4  (1.9  s.e.) for  spinner  dolphins.  No  significant difference  in 
group  size  was  observed  between  the  sites  (Welch  test:  F=1.86,  df=65.72,  p=0.09). 
Investigation of social structure revealed low mean levels of association (mean ± s.e.: 
0.14±0.05), however, as with the bottlenose dolphins, there were preferred associations 
between some identified individuals. The model that best fit the data for the temporal 
analysis described two levels of casual acquaintances. The short term associations were 
not a good representation of the data but long term parameters suggested that 3% of 
identified  individuals  associated  for  19.57  years  (16.12yr  s.e.).  Analysis  looking  for 
community  division  within  the  population  determined  that  all  animals  seen  regularly 
were part of a single community. The spinner dolphins had high levels of genetic diversity 
(He:  64%)  similar  to  levels  reported  elsewhere,  and  were  polymorphic  at  all  27  loci 
analysed.  Levels  of  shared  mtDNA  were  low  with  12  haplotypes  identified  from  35 
samples.  There  was  no  evidence  of  a  recent  bottleneck  in  the  population  with  the 
distribution of allele classes displaying the typical L-shape graph.  v 
 
The results calculated from a total 544.83 hours spent with 387 groups of spinner (n=250) 
and bottlenose dolphins (n=137) encountered over 229 days, revealed that both species 
were dependent on this area of coast for daily activities and had similar social structures. 
The  direct  sympatric  relationship  between  these  two  species  is  possible  due  to 
differences in their behaviour and prey. Point Moyenne, Tamarin Bay and Morne appear 
to be particularly important areas for the daily activities of these species. Their use of 
these  near-shore  areas  means  both  species  are  being  impacted  by  high  levels  of 
interaction from dolphin  watching boats  and other  anthropogenic  activities.  The  long 
term continuation of the research is vital for monitoring these populations and also those 
in adjacent areas where dolphin watching is increasing. The small population size of the 
bottlenose dolphins, the low genetic diversity and their movement patterns suggest they 
are particularly vulnerable to localised extinction. As such the need for confirmation that 
anthropogenic  activities,  (e.g.  dolphin  watching),  are  impacting  on  these  populations 
should  not  be  an  impediment  in  implementing  conservation  measures.  Management 
strategies should be made with the input of local stakeholders to increase awareness, 
control  existing  human  activities  and  minimise  possible  impacts  with  the  view  to 
maintaining viable population health and size for both species, thus ensuring the long-
term sustainability of both the industry and the animals it relies on.  
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1   General Introduction 
1.1 Introduction 
Human activities make the coastal environment one of the most at risk of degradation. 
As such, cetacean species that rely on these habitats are amongst the most threatened 
and in need of management (Thompson et al., 2000). Many species of cetacean are 
known to have sympatric relationships (Bearzi, 2005).  This occurs when species have 
distribution  patterns  which  overlap.  Bearzi  (2005)  defined  two  forms  of  sympatry; 
direct when two or more species occur in the same immediate habitat and broad when 
two or more species occur in the same wider geographic area. The mechanisms of co-
existence  of  species  can  involve  many  complex  factors  and  very  little  is  currently 
known to explain it (Bearzi, 2005; Parra, 2006).  However, obtaining data on spatial and 
temporal  distribution,  abundance,  behaviour  and  habitat  preferences  can  help 
determine the requirements of each species and thus contribute to understanding 
these complexities. 
Sympatric delphinids occur globally but seem to be particularly common in the tropics 
and around islands (Gannier, 2000, 2002; Baird et al., 2003; Anderson, 2005; Dulau-
Drouot et al., 2008; Hermans & Pistorius, 2008; Stensland et al., 2006; Gross et al., 
2009;  Kiszka  et  al.,  2010).  This  is  thought  to  be  a  result  of  the  island  providing  a 
nutrient rich area compared to the wider ocean with low productivity (Gilmartin & 
Revelante, 1974). In Mauritius, nine delphinids have been recorded in a 30km stretch 
of  the  west  coast  (De  Doyle,  1991;  Corbett,  1994;  MMCS,  2011).  Of  these,  the 
Hawaiian (Gray’s) spinner dolphin (Stenella longirostris) and Indo-Pacific bottlenose 
dolphin (Tursiops aduncus), are coastal and rely on bays and reef areas found along 2 
 
this region of coast. While these species have similar daytime habitat requirements, 
differences in their behaviour and diet are likely to enable their co-existence (Bearzi, 
2005).        
1.2 Indo-Pacific Bottlenose dolphins (Tursiops aduncus)  
Being coastal, the bottlenose dolphin is one of the most well known and extensively 
studied cetacean species. 
1.2.1 Taxonomy 
The genus Tursiops shows a large degree of phenotypic plasticity including colour and 
size throughout its range (Connor et al., 2000a). At the beginning of the 20
th Century 
there were 20 species listed under the Tursiops genus (Hershkovitz, 1966). Throughout 
the 1950’s and 60’s many reports reviewed and refined this list down to one or two 
species  suggesting  that  there  were  numerous  geographical  races.  Ross  (1977) 
identified two morphological forms off South Africa as Tursiops truncatus and Tursiops 
aduncus.  Ross  and  Cockcroft  (1990)  then  reported  similar  morphological  variation 
around Australia but suggested that there should be a single species T. truncatus with 
T. aduncus a subspecies of this. Genetic differences for Tursiops aduncus the Indo-
Pacific or Indian Ocean bottlenose dolphins have only recently been recognised (Le 
Duc  et  al.,  1999;  Brownell  et  al.,  2003)  and  this  along  with  the  morphological 
differences separate it from its conspecific T. truncatus or common bottlenose dolphin 
(Le Duc et al., 1999; Wang et al., 1999; Wang et al., 2000a; Kurihara & Oda, 2007). 
Morphologically T. aduncus has a longer, slender rostrum, ventral spotting develops 
with maturity and smaller body size (Kurihara & Oda, 2007). There is still confusion 
regarding the ‘inshore’ and ‘offshore’ forms as some of these traits show considerable 
overlap (Hoelzel et al., 1998; Connor et al., 2000a; Kurihara & Oda, 2007).  Genetic 3 
 
studies on the cytochrome b gene revealed that while it retains the genus Tursiops, the 
aduncus morpho-type is more closely related to Stenella and Delphinus species than T. 
truncatus (Le Duc et al., 1999; Brownell et al., 2003; Natoli et al., 2004).   
1.2.2 Description 
The entire upper body, back, dorsal fin, flippers, flukes and head, are grey. From about 
the mid-line, the sides of the body and head become paler, while the chest and belly 
are white. There are a number of dark stripes from the eyes and blowhole and ventral 
spotting may be present in older animals (Figure 1.1). 
 
Figure 1.1:   Indo-Pacific Bottlenose dolphin (Tursiops aduncus).  
1.2.3 Range and Distribution 
Tursiops spp. are one of the most widely distributed species, found throughout the 
world’s oceans (Figure 1.2) and the two main species are easily confused. In 2000 Hale 
et  al.  reported  differences  in  habitat  preferences  between  the  T.  aduncus  and  T. 
truncatus species in the Indian and western Pacific Oceans. T. truncatus is found both 
in coastal and offshore waters worldwide while T. aduncus tends to have a much more 4 
 
restricted coastal range and is not found offshore (Hale et al., 2000; Reeves et al., 
2002).  
 
Figure 1.2:   Worldwide distribution of bottlenose dolphins, Tursiops spp. 
(Hammond et al. in IUCN, 2011). 
 
The Indo-Pacific bottlenose dolphins (T. aduncus: hereafter referred to as bottlenose 
dolphin) is found in the tropical and subtropical coastal waters of the Indian Ocean 
including oceanic islands (Mayotte (Kiszka et al., 2010b), Comoros (Kiszka et al., 2010a) 
and Reunion (Dulau-Drouot et al., 2008)), the Red Sea, Persian Gulf, East (Tanzania 
Sarnblad et al., 2011) and Southern Africa (Natoli et al., 2008; Reisinger & Karczmarski, 
2010),  the  western  Pacific  (Japan  -  Shirakihara  et  al.,  2002)  and  throughout  the 
Indonesian archipelago (Figure 1.3) (Connor et al., 2000a; Hale et al., 2000). Around 
Australia there  is  still  uncertainty  in  several  places  as  to  which  species  is  present. 
Moller and Beheregaray (2004) confirmed T. aduncus off eastern Australia and both 5 
 
haplotypes are found off Western Australia however, Shark Bay dolphins are referred 
to as Tursiops sp. (e.g. Allen et al., 2011; Tyne et al., 2012) as are those in the Spencer 
Gulf of South Australia where they are yet to be clearly identified (Bilgmann et al., 
2007). More recently a new species, T. australis sp. nov., was separated from Tursiops 
sp. found in southern and south-eastern Australia (Charlton-Robb et al., 2011). They (T. 
aduncus/sp.) are generally observed in waters with a depth of less than 30 meters, and 
often just behind the surf zone  (Ross et al., 1987). Bottlenose dolphins have been 
found  in  tidal  creeks,  travelling  up  rivers,  in  lagoons  and  estuaries  (Connor  et  al., 
2000a; Reeves et al., 2002; Fury, 2009). Due to its propensity to inhabit inshore areas 
this dolphin is one of the most extensively studied cetacean species (e.g. Cockcroft & 
Ross, 1990; Connor et al., 2000a; Moller et al., 2002; Chilvers & Corkeron, 2003; Amir 
et al., 2005a; Stensland et al., 2006).  
 
Figure 1.3:   Worldwide distribution of Indo-Pacific bottlenose dolphins, Tursiops 
aduncus (Hammond et al., in IUCN, 2011). 6 
 
The distribution and habitat use of coastal dolphins are thought to be affected by 
many factors (Sargeant et al., 2007) including, but not limited to, temperature (Ross & 
Cockcroft, 1990), prey abundance and distribution (Shane, 1990; Wilson et al., 1997; 
Hastie et al., 2004), salinity (Cribb et al., 2008), depth (Ingram & Rogan, 2002), tides 
(Shane, 1990), distance to shore (Shane, 1990; Parra et al., 2006), habitat type (Cribb 
et al., 2008) and bottom topography (Ingram & Rogan, 2002; Hastie et al., 2004). In 
tropical  areas  a  major  driver  of  coastal  dolphin  habitat  use  is  predator  pressure 
(Heithaus & Dill, 2002). 
1.2.4 Life History and Reproduction 
Bottlenose dolphins are long-lived mammals with a lifespan of 50 or more years for 
females and slightly less than this for males, though the average is in the mid 40’s 
(Connor et al., 2000a; Reeves et al., 2002; Mann & Watson-Capp, 2005). For Tursiops 
sp of Shark Bay and T. aduncus elsewhere the main calving period is in late spring/early 
summer (southern hemisphere) when water temperatures are highest, but births can 
occur  throughout  the  year  (Connor  et  al.,  1996;  Mann  et  al.,  2000;  Amir,  2010). 
Reproductive output is low in bottlenose dolphins with a gestation period of a year 
producing a single offspring and with a minimum interval of approximately three years 
between calves (Mann et al., 2000). Calves remain with their mother for an average of 
three to four years (Kogi et al., 2004, Mann & Watson-Capps, 2005; Steiner & Bossley, 
2008; Amir, 2010) but it can be significantly longer than this depending on factors such 
as differences in nutrition and size (Mann et al., 2000; Mann & Watson-Capps, 2005). 
As with any mammal, these years are critical to the development of both social skills 
and  feeding  techniques  and  again  these  can  vary  considerably  between  habitats. 
Weaning can occur anytime from three years but will generally occur within 10 months 7 
 
of  the  mothers  next  pregnancy  (Connor  et  al.,  2000a).  Mortality  of  calves  before 
weaning appears to be high with Steiner & Bossley (2008) reporting 46% mortality in 
Port River estuary, South Australia and comparable figures (44%) reported in more 
tropical waters in Shark Bay, Western Australia (Mann & Watson-Capp, 2005).    
The age at which individuals reach maturity varies, with females considered mature 
anywhere between four and 13 years (Connor et al., 2000a; Amir, 2010) and males 
ranging from seven to 16 years (Connor et al., 2000a;  Amir, 2010). Variation is thought 
to be due to geographic/environmental differences, whether the estimates have been 
taken from inshore or offshore forms and what ‘mature’ is defined as.   
1.2.5 Social organisation 
A  variety  of  social  ecologies  have  been  documented  amongst  bottlenose  dolphin 
populations. In general, Tursiops aduncus which occur in more protected coastal and 
estuarine environments, usually associate in small groups, show higher site fidelity, 
feed  primarily  on  dispersed  prey  and  belong  to  relatively  small  local  populations 
(Möller et al., 2002). However, those populations that occur in less protected coastal 
areas and highly productive seas, such as along the coasts of South Africa, will usually 
associate in large groups that exhibit low site fidelity, and feed on large prey patches 
that are distributed in clumps (Reisinger & Karczmarski, 2010). 
Group size varies considerably throughout this species range and is thought to reflect 
local  prey  abundance,  activity  and  time  of  day  (Shirakihara  et  al.,  2002;  Möller  & 
Harcourt, 1998). Dolphin group size is reported to increase when calves are present 
(Bearzi et al., 1997; Moller et al., 2002). In coastal areas of East Africa, Australia and 
the Indian Ocean islands, bottlenose dolphin group size is generally between five and 8 
 
ten animals (Berggren, 2009). In Shark Bay, Tursiops sp. average group size was five 
(Smolker et al., 1992), while in Mayotte mean T. aduncus group size in the lagoon was 
6.5 (Kiszka et al., 2010). Eight was normal for T. aduncus groups in Zanzibar (Stensland 
et al., 2006) and Reunion Island (Dulau-Drouot et al., 2008) but groups of up to 21 
individuals  have  been  recorded  (Stensland  et  al.,  2006).  In  estuarine  and  bay 
populations in eastern Australia groups were between two and five animals (Fury & 
Harrison, 2008; Lukoschek & Chilvers, 2008). Those groups found off the south coast of 
Africa seem to be the exception. In Algoa Bay, T. aduncus group size was reported to 
range between 25 to 500 animals (Reisinger & Karczmarski, 2010). These numbers are 
comparable to populations in Japan: Nanbu et al. (2006) reported group size of 30 in 
Kagoshima Bay while Shirakihara et al. (2002), in Amakusa, reported groups of 100 
individuals.   
Bottlenose dolphin populations display a ‘fission-fusion society’ (Connor et al., 2000a) 
meaning that group size and composition is constantly changing as animals come and 
go. Within these dynamic groups there may be preferred associations between two or 
three  individuals  (Mann,  2000;  Connor  et  al.,  2000a).  Recent  studies  suggest  that 
associations  are  hierarchically  structured  and  that  membership  in  a  community 
depends on individual range and habitat occupation (Wiszniewski et al., 2009).  Within 
the  Tursiops  sp.  population  at  Shark  Bay,  Western  Australia  the  only  long  term 
associations tend to occur between same sex animals or mother-calf pairs. Amongst 
males in Shark Bay, some ‘alliances’ have continued for up to thirteen years (Mann, 
2000; Connor et al., 2000a) while females tend to have a larger social network and 9 
 
within this a preferred ‘band’ they are more strongly associated with (Mann, 2000; 
Moller et al., 2006).    
1.2.6 Diet 
Bottlenose dolphin make use of the entire water column, feeding on many species of 
fish as well as cephalopods, eels, small rays and sharks (Connor et al., 2000a; Amir et 
al., 2005b). In Tanzania, Amir et al. (2005b) found 50 species of bony fish and three 
squid species in the stomach contents of bottlenose dolphins caught in drift nets. Five 
of the fish and all squid species were dominant in the diet and indicated a preference 
for reef, sandy bottom benthic and near shore species (Amir et al., 2005b). There was 
also a difference in species preference between immature and mature animals (Amir 
et al., 2005b). In South Africa, Cockcroft and Ross (1990) reported similar results with 
over 70 prey species recorded but only six represented 60% of the diet. Most of these 
species were normally to be found in near shore reef areas and sandy bottom areas; 
however, two were pelagic shoaling fish species (Cockcroft & Ross, 1990). 
There are numerous methods of foraging which are specific to different populations, 
habitats and prey type. Populations may feed individually or in small groups (Barros & 
Wells, 1998) and these strategies seem to be the norm but there are also records of 
cooperative herding or circling (Hamilton & Nishimoto, 1977; Connor et al., 2000a). In 
southern  Japan,  Shirakihara  et  al.  (2002)  suggested  that  the  large  group  sizes  of 
bottlenose dolphin found there was a feeding strategy for preying on schooling fish in 
the  area.  In  some  areas,  dolphins  will  beach  themselves  chasing  fish  either  in 
synchronised  groups  or  individually  (Petricig,  1995;  Berggren,  1995).  Certain 
populations  have  learnt  to  follow  trawlers  for  by-catch  (Corkeron  et  al.,  1990; 
Broadhurst, 1993) and in Shark Bay (Tursiops sp.) some dolphins use sponges on their 10 
 
rostrum  presumably  as  protection  while  foraging  for  prey  (Smolker  et  al.,  1997). 
Seasonal  movements  or  residency  of  some  bottlenose  populations  can  be  in 
association with prey species such as sardines along the coast of South Africa (Best, 
2007), changes in water temperature, or distribution of prey and predators (Connor et 
al., 2000a).   
1.2.7 Threats 
Being an inshore species, the bottlenose dolphin is vulnerable to many anthropogenic 
activities. It is currently listed as Data Deficient by the IUCN and Appendix 2 for CITES 
(Hammond et al. in IUCN, 2011). Of considerable concern are the possible effects of 
Dolphin  Watching  activities  on  this  species  and  also  that  of  chemical  pollution. 
Bottlenose  dolphins  like  many  cetaceans  accumulate  industrial  (Polychlorinated 
biphenyls - PCB) and agricultural (Dichlorodiphenyl trichloroethane - DDT) pollutants 
that are washed down rivers and taken up in the marine food chain (Cockcroft & Ross, 
1991). The calves of lactating females then receive the mother's accumulated load 
through her milk (Borrell et al., 1995; Borrell & Aguilar, 2005; Amir, 2010). In East 
Africa the bottlenose dolphin is considered one of the most abundant species (Kiszka 
et al., 2009) however it is also commonly caught in gillnets. By-catch and hunting are 
by far the most significant threats to this species (Kiszka et al., 2008) and it is coming 
under  increasing  pressure  from  developing  dolphin  watching  activities  (Englund  & 
Berggren, 2002; Stensland et al., 2006; Berggren et al., 2007; Amir, 2010). Acoustic 
pollution,  habitat  degradation  and  climate  change  are  all  possible  threats  to  this 
species within the region. 11 
 
1.3 Spinner dolphins (Stenella longirostris longirostris) 
The spinner dolphin is thought to be one of the most abundant species in the world 
though some populations are threatened (Jefferson et al., 2008). 
1.3.1 Description 
A characteristic feature of the spinner dolphin (Stenella longirostris longirostris) is the 
tricolour pattern along the animal’s flanks, which may be subdued depending on the 
subspecies (Perrin, 1998). Typically the beak, top of the head, back, dorsal fin, flippers 
and flukes, and the forward part of the flanks are a darkish grey. The posterior of the 
flanks and the underneath of the body are lighter grey to white in colour. There is a 
dark stripe from the eye to the flipper and from the eye to the apex of the forehead. 
The beak is long, narrow and almost black. The dorsal fin is set at the body’s mid-
length (Figure 1.4).  
 
Figure 1.4:   Hawaiian Spinner Dolphin (Stenella l. longirostris). 
1.3.2 Taxonomy 
Spinner dolphins, Stenella longirostris, get their common name from their spectacular 
spinning jumps, and their Latin name from their long slender rostrum (Berggren, 2009). 
Perrin  (1975)  described  four  geographic  forms  in  the  Pacific  and  suggested  as 12 
 
subspecies the Hawaiian, Central American, Eastern and white-belly. These were then 
refined to the first three plus a fourth subspecies, the dwarf form, that was added by 
Perrin et al. and described in 1989. Currently these are the four recognized subspecies 
that vary in size, shape, distribution and colouration. The dwarf form (S. l. roseiventris) 
that is only found along coasts in south east Asia (Perrin et al., 1989; Perrin et al., 
1999); two deep-ocean forms, the Eastern Pacific and Central American spinners (S. l. 
orientalis and centro-americana respectively) and the Hawaiian or Gray’s form (S. l. 
longirostris)  which  is  worldwide  (Figure  1.4)  (Reeves  et  al.,  2002;  Lammers,  2004). 
These variations in form are thought to be a result of habitat differences (Norris & 
Dohl, 1980;  Norris  et  al.,  1994)  and  it  is  now  known  that the  Hawaiian  spinner is 
genetically distinct from those in the Eastern Pacific (Andrews et al., 2006).   
1.3.3 Range and Distribution 
Spinner dolphins have been recorded in Hawaii, French Polynesia, Central and South 
American  coasts,  Australia,  Thailand,  Indonesia,  Japan  and both the  East  and  west 
coasts  of  Africa  (Figure  1.5)  (Norris  et  al.,  1994;  Best,  2007).  They  are  distributed 
throughout the  world’s  tropical  and  sub-tropical  oceans  being  the  most  numerous 
between the Tropics of Cancer and Capricorn (Best, 2007). The Hawaiian form, S. l. 
longirostris,  (hereafter  referred  to  as  spinner  dolphin)  is  the  most  abundant  and 
widespread (Norris et al., 1994). The Central American and Eastern Pacific subspecies 
are  restricted  to  the  waters  of  the  Eastern  Tropical  Pacific.  Spinner  dolphins  are 
occasionally found in open ocean, but are more often found in near-shore habitats 
usually associated with island chains or atolls (Norris et al., 1994; Perrin, 1998). One of 
the longest running studies on spinner dolphins is around the Hawaiian Islands where 
animals typically use bay areas during the day to rest and socialise, before moving 13 
 
offshore to feed at night (Norris & Dohl, 1980; Norris et al., 1994). Long term studies 
indicate  that  even  with  the  high  mobility  of  oceanic  cetaceans,  groups  show  high 
geographic fidelity as do specific individuals (Marten & Psarakos, 1999; Karczmarski et 
al., 2005; Oremus, 2008).  
 
Figure 1.5:   Worldwide distribution of all forms of spinner dolphin, Stenella 
longirostris (Hammond et al. in IUCN, 2011). 
 
The resting bays have the common features of an area of flat, sandy bottom and water 
depth of 20 meters or less (Norris & Dohl, 1980; Norris et al., 1994; Lammers, 2004; 
Silva Jr et al., 2005; Best, 2007; Notarbartolo di Sciara et al., 2009). These features are 
thought to allow the dolphins to use vision alone, instead of echolocation, while at 
rest,  as  the  flat  sand  make  predators  easier  to  see  (Lammers,  2004).  It  therefore 
follows that if water clarity is poor; they are less likely to use the area for resting 
(Gannier & Petiau, 2006). A final feature that Norris and colleagues (Norris et al., 1994; 14 
 
Norris & Dohl, 1980) recognise as important for bay use is the distance to deep water 
feeding grounds.    
In  Mauritius  this  predictable  behaviour  pattern  has  been  observed  with  groups 
entering the bays during the early morning to socialise and rest then leaving several 
hours later in the early afternoon (MMCS, 2010). In general, the descriptions of bay 
areas  used by  spinner dolphins  elsewhere  fit those found  along the west  coast of 
Mauritius (See Chapter 2).  
1.3.4 Life History and Reproduction 
Reproductive cycles showed considerable variation between the subspecies of spinner 
dolphins  with  Stenella  l.  longirostris  forming  mating  peaks  in  austral  summer  and 
autumn; however, breeding and calves have been recorded to occur at any time of the 
year (Norris & Dohl, 1980). Gestation lasts approximately 10.5 months (Norris et al., 
1994; Perrin & Gilpatrick, 1994). Following birth, the calf will nurse for up to two years 
and the  average  calving  interval  is  about three  years  (Reeves  et  al.,  2002).  Sexual 
maturity is estimated to be attained between four and seven years old for females, 
and seven to ten for males; with a maximum age of approximately 20-25 years (Perrin 
& Gilpatrick, 1994) giving a relatively short reproductive period. 
1.3.5 Social Organisation 
Comparing worldwide populations, the spinner dolphin appears to display extreme 
plasticity in its social structure and behavioural patterns. Much of this is attributed to 
its environment. Group size varies with habitat, with open ocean populations occurring 
in groups of several hundred to a thousand individuals (Norris et al., 1994; Reeves et 
al., 2002; Silva Jr. et al., 2005). The average group size in the African sub-region is 29 
individuals  (Best,  2007)  and  36  in  French  Polynesia  (Oremus,  2008).  In  Egypt,  at 15 
 
Samadai Reef, average group size using the reef was estimated at 39 animals with 
seasonal variation (Notarbartolo di Sciara et al., 2008). At Baia dos Golfinhos, north 
eastern Brazil, groups of up to 2000 animals have been observed but typical resting 
group size is 25 individuals (Silva Jr. et al., 2005). In Hawaii, Norris and colleagues 
(Norris  &  Dohl,  1980;  Norris  et  al.,  1994)  suggested  that  resting  group  size  was 
dependent on the area of the sandy bottom bay. At Maku’a Beach, O’ahu Hawaii, 
resting group size averaged 67 animals (Danil et al., 2005). At Reunion Island average 
group size was 51 but there was large variation in group size (5-200) that seemed to be 
dependent on the activity; from 16 individuals when resting to more than 100 when 
foraging (Dulau-Drouot et al., 2008).  Mayotte had the largest group size with a mean 
of 72.8 individuals but up to 500 had been recorded (Kiszka et al., 2010). 
The majority of knowledge about spinner dolphins comes from a few intensive studies 
in  Hawaii,  Brazil  and  French  Polynesia;  at  each  of  these  sites  there  is  a  similar 
predictable  daily  pattern  of  movement  (Norris  &  Dohl,  1980;  Norris  et  al.,  1994; 
Lammers,  2004;  Best,  2007;  Notarbartolo  di  Sciara  et  al.,  2009)  but  the  social 
structures vary. From the long running research programme on the Hawaiian form, it is 
known that this sub species is predominantly coastal, or use atolls, and groups vary in 
size from several hundred animals down to a few dozen (Norris et al., 1994; Reeves et 
al., 2002; Lammers, 2004; Karczmarski et al., 2005). Within these coastal populations 
there is further variation in the social structure. Groups that live in remote reefs and 
atolls tend to exhibit a more structured society with limited immigration/emigration 
amongst constituents compared to those based around large islands (Karczmarski et 
al., 2005). For example, in the main Hawaiian Islands, individual groups which rest and 
socialize during the day in sheltered bays, merge at night to form large feeding groups; 16 
 
this has been referred to as a ‘fission-fusion society’ (Norris et al., 1994; Karczmarski et 
al., 2005). This is thought to be a function of environment as on the larger islands there 
are more closely-spaced and suitable habitats for resting (Norris et al., 1994). Those 
groups that inhabit the outer island of Midway Atoll, where suitable resting habitat is 
limited, show different organisation appearing to be almost ‘closed’ (Karczmarski et al., 
2005). The group is very stable in that there are few immigrants/emigrants, ‘visitors’ 
and strong social affiliations between group members, perhaps due to its isolation 
(Karczmarski et al., 2005). Around Moorea in French Polynesia there is an intermediate 
version of this where groups display a day to day fluidity, but most are long term 
residents having only limited exchange with Tahiti, only 17km away (Oremus et al., 
2007). There is currently no detailed knowledge of spinner dolphin social structure 
within the western Indian Ocean. 
Genetic studies in Hawaii revealed that most islands were  genetically separate and 
found that those islands with populations that display a stable social structure (had 
limited permanent immigration/emigration by members) had the highest gene flow 
between populations (Andrews et al., 2010). Andrews et al. (2010) suggest that the 
availability of resources and suitable habitats influences the social structure, dispersal 
and gene flow, especially in populations associated with islands.  Oremus (2008) found 
that there was significant differentiation between the mitochondrial DNA (mtDNA) of 
the  different  island  populations  of  the  Society  Islands,  indicating  that  permanent 
migration and interbreeding is rare and/or dispersal is sex biased. 
1.3.6 Diet 
The diet of these dolphins is reflected in their diurnal movement patterns and the 
ecology of the area. Prey is typically species which live in deeper water but migrate 17 
 
vertically at night following the plankton (Benoit-Bird & Au, 2003; Best, 2007), making 
them more accessible to the dolphins. With the exception of the dwarf form that feeds 
on reef fish (Dolar et al., 2003; Lammers, 2004), feeding generally occurs in 200-400 
meters of water on mesopelagic fish, shrimp and squid associated with a thermocline 
(Norris & Dohl, 1980; Norris et al., 1994; Benoit-Bird & Au, 2003; Dolar et al., 2003; 
Lammers,  2004).  Within  the  western  Indian  Ocean,  recent  stable  isotope  work  in 
Mayotte supports this foraging behaviour and diet (Kiszka et al., 2011). Studies in East 
Africa and Hawaii have found that these prey species are usually small, between 5- 15 
centimetres and that the sexes differ in prey preference: male dolphins consume more 
lantern fish (Myctophids) while females prefer cuttlefish (Sepiida) (Norris et al., 1994). 
In the Pacific, Benoit-Bird and Au (2009) found that feeding occurs in very coordinated 
groups of up to about 30 dolphins. These groups use strict patterns and timing to herd 
prey with pairs of individuals taking turns feeding (Benoit-Bird & Au, 2009). Whether 
this technique is used throughout the spinner dolphin range remains unknown. The 
diet and foraging behaviour of the spinner dolphins in Mauritius is currently unknown. 
1.3.7 Threats    
In the African subregion, the spinner dolphin is listed as Data Deficient in the IUCN Red 
List of Threatened Species, and Appendix  2 under CITES (Hammond  et al. in IUCN 
2011). The current status of spinner dolphins in the western Indian Ocean is unknown 
but it is probably the most abundant species in the Indian Ocean (Ballance & Pitman, 
1998; Kiszka et al., 2009). However, with the Indo-Pacific bottlenose, it is the most 
commonly caught species in gillnets in East Africa (Amir et al., 2002). Throughout their 
range, purse seines and trawl fisheries are likely to be a problem for spinner dolphins, 
and while these pelagic fisheries operate in the western Indian Ocean, by-catch seems 18 
 
rare or unreported (Kiszka et al., 2008; Kiszka et al., 2009).  However, targeted hunting 
is a concern in certain areas (Kiszka et al., 2008; Cerchio et al., 2009; Hammond et al. in 
IUCN 2011). By-catch has not been recorded for Mauritius (Kiszka et al., 2008) but 
could be to be substantial due to illegal, unreported, unregulated fishing and the huge 
size of Mauritius’ Exclusive Economic Zone (EEZ) (Kiszka et al., 2009). Other suspected 
threats to cetaceans in the region relate to disturbance from dolphin watch and swim-
with activities (Stensland & Berggren, 2007), acoustic and chemical pollution, habitat 
degradation and climate change (Kiszka et al., 2009).  
1.4 Cetacean Genetics  
Bottlenose dolphins are the most extensively studied cetacean globally. The spinner 
dolphins have been the subject of more localised studies such as in Hawaii (e.g. Norris 
et al., 1994; Ostman, 1994; Karczmarski et al., 2005). In the western Indian Ocean the 
majority of locally focused research has occurred in the last 20 years; however, there 
has never been research conducted specifically on the bottlenose found in Mauritian 
waters. The same is true for the spinner dolphins, a few studies have been conducted 
off Kenya, Tanzania and some of the oceanic islands but nothing around Mauritius. In 
this context this thesis addresses this lack of basic information about these two species 
off Mauritius and identifies the key ecological requirements of these populations. 
The traditional method of looking for geographic or physical barriers and isolation, that 
are used as indicators of genetic structure and gene flow in terrestrial animals, are not 
necessarily  appropriate for  cetaceans due to their  ability  to  travel  great  distances, 
limited or no boundaries and the fact that they spend a great deal of time underwater 
(Hoelzel, 1994). Small cetaceans show marked geographic variation, both between and 19 
 
within  species  (Perrin  1984;  Perrin  1991),  therefore  it  cannot  be  assumed  that 
neighbouring  communities  or  animals  inhabiting  adjacent  areas  belong  to  a  single 
population (Perrin, 1984). For example, the genetic structure of bottlenose dolphins 
(Tursiops spp.) appears to be linked to the environment they inhabit (Bilgmann et al., 
2007). As such, the interactions between factors such as specialisation (Chilvers et al., 
2003), resource requirements, changes in environment and life history of the species 
in question need to be considered (Moller et al., 2007). Dizon et al. (1991) reported 
that  the  good  management  of  marine  mammal  populations  requires  both  genetic 
knowledge of the ‘breeding units’ and the spatial and temporal aspects of populations. 
Distribution of cetaceans is frequently associated with prey distribution (Hastie et al., 
2004) and/or predator pressure (Heithaus & Dill, 2002). More recently, studies have 
found that the interplay of environmental factors, such as water temperature, salinity 
(Natoli et al., 2005), currents and sea floor topography, also needs to be considered 
when  investigating  the  genetic  structure  of  populations  (Bilgmann  et  al.,  2007; 
Wiszniewski et al., 2010). Supporting this are two recent studies by Mendez et al. 
(2010; 2011) on the franciscana (Pontoporia blainvillei) (2010) and humpback dolphins 
(Sousa  chinensis)  (2011).  In  both  cases  it  was  found  that  genetically  isolated 
populations inhabited areas with distinct environmental conditions, whereas areas of 
overlapping conditions had less genetic structure (Mendez et al., 2010; 2011).  
Dispersal  strategies  are  also  important  for  determining  genetic  structure  (Hoelzel, 
2005;  Bilgmann  et  al.,  2007).  High  rates  of  dispersal  generally  lead  to  low 
differentiation between populations separated by large distances (Moller et al., 2007); 
however, with the variation in movement patterns displayed by cetaceans, this does 
not necessarily hold. High site fidelity can result in neighbouring populations having 20 
 
very low gene flow helping to maintain high levels of genetic differentiation (Parsons 
et al., 2002; Krutzen et al., 2004; Moller et al., 2007; Wiszniewski et al., 2009). The 
genetic structure of both spinner and bottlenose dolphins is highly influenced by their 
habitat and social structure (Wiszniewski et al., 2009; Andrews et al., 2010).  
As  Mauritius  is  an  isolated  oceanic  island  it  is  likely  that  the  populations  of  both 
bottlenose and spinner dolphins here are dependent on near shore habitats and as a 
result  have  experienced  some  genetic  isolation.  Genetic  variation  in  small  isolated 
island  populations  can  over  time  be  reduced  due  to  genetic  drift  and  inbreeding 
(Frankham, 1996; Frankham, 1998; Munguia-Vega et al., 2007). If this is true, then it is 
important to determine the genetic structure of each of these populations in order to 
add to the international, regional and local knowledge for each and also to develop 
appropriate  management  plans  to  conserve  their  unique  genetic  structure  and 
maintain what levels of diversity there are.  
1.5 South West Indian Ocean and Mauritius 
In  1979, the  Indian  Ocean  Sanctuary  was  established  by  the  International  Whaling 
Commission  covering  the  entire  Indian  Ocean  (Figure  1.6).  The  sanctuary  led  to  a 
review  of  current  knowledge  and  new  studies  of  cetaceans  within  the  region 
commenced.  These  include both  coastal  and  oceanic  waters  of  the  Seychelles  and 
Comoros islands, La Reunion Island, Mayotte, Madagascar, Zanzibar and the east coast 
of Africa (de Boer et al., 2002; Kiszka et al., 2009).  21 
 
 
Figure 1.6:  The  Limits  of  the  Indian  Ocean  Sanctuary  include  the  waters  of  the 
Northern Hemisphere from the coast of Africa to 100°E (including the 
Red and Arabian Seas and the Gulf of Oman) and those waters of the 
Southern  Hemisphere  between  20°E  and  130°E  from  the  equator  to 
55°S. (De Boer et al., 2002). Arrow indicates Mauritius. 
 
Of  the  80  plus  species  of  cetacean  worldwide  the  south  west  Indian  Ocean  has 
recorded some 33 species indicating a rich biodiversity for the region (Kiszka et al., 
2009).  S.  longirostris  are  thought  to  be  the  most  abundant  oceanic  species  while 
bottlenose  (T.  aduncus)  and  Indo-Pacific  humpback  dolphins  (Sousa  chinensis)  the 
most common coastal species (Kiszka et al., 2009).   
Off Reunion Island, Mauritius’ closest neighbour (210km south west), bottlenose and 
spinner dolphins were the most frequently sighted species (Dulau-Drouot et al., 2008). 22 
 
In 1991-2 Corbett conducted a year-long study investigating the cetacean diversity of 
the  Mascarenes,  focusing  on  the  west  coast  of  Mauritius.  Results  indicated  that 
spinner dolphins and sperm whales were abundant and present year round (Corbett, 
1994). 
In 1999, a study began on the spinner dolphins of Tamarin Bay and commenced in 
parallel with an ecotourism venture. While the study was never completed, the year 
round dolphin watching activity grew exponentially once locals saw that it was an easy 
way to earn money. Before this, “It appears that Mauritians have not exploited small 
cetaceans to the degree that other inhabitants of the Indian Ocean have... and this 
may explain the little knowledge of or interest in cetaceans of Mauritius” (Corbett, 
1994).      
1.6 Whale and dolphin watching 
Ecotourism has developed as a consequence of an increase in awareness of the natural 
world and knowledge of the fragility of the planet. With global warming and climate 
change  becoming  common  phrases  in  our  everyday  lives,  the  global  community  is 
developing new standards of responsible travel that promote community development 
(capacity building), conservation by sustainable methods and an awareness of how our 
actions are affecting the world around us.      
Whale and dolphin watching is one example where there has been a dramatic shift 
from extractive use of natural resources to education, awareness and appreciation of 
wild animals. Worldwide, in 2008, 13 million people participated in whale and dolphin 
watching in 119 countries and island states giving revenue of US$2.1 billion (O’Connor 
et al., 2009). 23 
 
Globally there was an average growth of 3.7% per year in companies offering dolphin 
and whale watching activities. In the Africa/Middle East Region in 2001 there were 13 
countries offering whale/dolphin watching which grew to 22 in 2008 (O’Connor et al., 
2009).  Ten  years  ago  within  the  western  Indian  Ocean  this  activity  was  virtually 
unknown.  According  to  the  International  Fund  for  Animal  Welfare  report,  Whale 
Watching Worldwide (O’Connor et al., 2009) in 2008 Tanzania saw 20,000 participants, 
Kenya 10,000, La Reunion 3,000 and Mauritius 21,400 (estimated from records of 25 
operators). Since 1998, whale and dolphin watching in Mauritius has  grown by an 
average of 56% annually (O’Connor et al., 2009). 
In a region where poverty levels are high along the coasts and many rely on coastal or 
marine resources for their livelihood (Sosovele, 2000); the introduction of whale and 
dolphin watching has been hugely beneficial. At a local level, tourism activities directly 
or  indirectly  relating  to  whale  and  dolphin  watching  have  created  alternative 
employment, reducing hunting and by-catch. In many regions where there are limited 
or depleted resources, eco-tourism is likely to become an important economic stream 
(Berggren et al., 2007; Kiszka et al., 2009). In the western Indian Ocean this activity has 
largely developed without environmental considerations, with little or no legislation or 
regulation, and is often conducted in an unsustainable manner (de Boer et al., 2002; 
O’Connor  et  al.,  2009).  Without  careful  management,  these  activities  may  have 
negative effects on survival and reproduction by disrupting and/or displacing animals 
entirely or during specific behaviours such as feeding or resting (Stensland & Berggren, 
2007; Christiansen et al., 2010).  24 
 
1.7 Dolphin Watching in Mauritius 
With the growth in whale and dolphin tourism many studies have been investigating 
possible impacts that disturbance by this new activity is having on populations. There 
is growing evidence that anthropogenic activities may interfere with and influence the 
activities and behaviour of whales and dolphins. A number of studies have shown that 
whales and dolphins respond to over-flying aircraft and passing or approaching ships 
(Richardson et al., 1983, 1985; Cockcroft et al., 1992; Perry, 1998). Industrial noise also 
influences the movements and activities of whales (Malme, 1987). Boat traffic can 
cause dolphins to change swimming speed and direction of movement, vocalisation 
frequency, respiration rate and frequencies of aerial behaviours (Au & Perryman, 1982; 
Janick & Thompson, 1996; Constantine & Baker, 1997; Constantine et al., 2004; Lemon 
et al., 2006; Stensland & Berggren, 2007; Delfour, 2007). In addition, there is evidence 
that dolphins and whales will avoid areas of high boat traffic (Lusseau, 2004; Bejder et 
al., 2006a). Theoretically, constant disturbance of groups could lead to increased risk 
of  injury,  harassment  and  diminished  reproductive  capacity,  directly  affecting  the 
survivability  of  a  population  (Janick  &  Thompson,  1996;  Stensland  et  al.,  2006; 
Berggren, 2009).  
With this in mind, along with the general lack of knowledge regarding local cetaceans 
and  concern  about  the  growing  dolphin  watching  activity,  the  Mauritius  Marine 
Conservation  Society  (MMCS)  began  working  with  local  skippers  to  record 
opportunistic data about the spinner and bottlenose dolphins they encountered. In 
2006,  the  Tourism  Authority  of  Mauritius  introduced  guidelines  for  the  dolphin 
watching and swim-with activities but these guidelines remain un-enforced and the 
activities uncontrolled. For 2009, based on contact with approximately 60 operators of 25 
 
Dolphin Watching and field observations, MMCS estimated more than 70,000 people 
participated  in  dolphin  watching  generating  approximately  Rs150  million  (MMCS, 
2010).  
1.8 Thesis Objectives and Structure 
This  study  was  prompted  by  the  threats  facing  the  local  cetaceans,  with  specific 
reference to the dolphin watching activity, perhaps the most intense in the western 
Indian Ocean, and the general lack of any detailed biological information on Mauritian 
dolphins. Any future management plan requires basic abundance and genetic data, in 
order to follow trends in the populations and identify possible causes for concern. This 
thesis  is  the  first  dedicated  study  to  be  conducted  on  the  spinner  and  bottlenose 
dolphin populations of Mauritius. As a result this study was designed to address some 
of these deficiencies; the following objectives will be addressed:  
1.  Determine  the  abundance  and  residency  of  the  bottlenose  and  spinner 
dolphins  frequenting  the  west  coast,  specifically  looking  at  population  size, 
relative density and spatial/temporal distribution (Chapters 3 and 5). 
2.  Assess  the  social  structure  in  terms  of  group  sizes  and  composition,  and 
associations within each of these populations with both genetic data and photo 
identification (Chapters 4 and 6). 
Finally, these results are then compared and reviewed (Chapter 7) to evaluate them in 
regards to the objectives. These data will assist in determining high use areas, times 
and/or areas for these populations where they may be more susceptible to disturbance 
(e.g. breeding or resting times and places). These data will also provide a basis from 
which monitoring can begin, both within the existing study area, and around the island. 26 
 
Chapter  8  will  discuss  final  conclusions,  management  recommendations  and 
suggestions for further study. 
This study on the population, ecology and behaviour of the spinner and bottlenose 
dolphins that frequent a stretch of coastline approx 30km long, was part of a larger 
study  ‘Sustainable  development  of  marine  resources-cetaceans  and  reefs  –  of 
Mauritius’ conducted by Mauritius Marine Conservation Society (MMCS).  These data 
establish baseline information where no studies had previously been done and were 
subsequently used to develop legislation for the sustainability of the tourism activity 
and the animals it depends on. 
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2   Study Area 
2.1 Location and description 
Mauritius (20°17’S, 57°33’E) is a volcanic, oceanic island approximately 900km east of 
Madagascar in the South West Indian Ocean (Figure 2.1). It is part of the Mascarene 
archipelago stretching from the Seychelles in the north to La Reunion in the south and 
includes Rodrigues Island to the east of Mauritius. These islands sit on a submarine 
plateau running more than 2000km (Fisher et al., 1967). 
The country includes several smaller islets within 30km of the mainland, along with the 
islands of Rodrigues some 600km (300nm) to the east and St Brandon 430km to the 
north-east (Government of Mauritius, 2005). The majority of mainland Mauritius is 
surrounded by a fringing reef which then drops off a narrow shelf into deeper water. 
The reef creates an extensive lagoon system covering 243km
2 (Daby, 2003) and can be 
up to 8km wide (Daby, 2006a). Lagoons are generally shallow (1-2m average depth) 
(Daby, 2006a) but vary in morphology from sandy beach and reef to combinations of 
beach, mud swamps, channels, coral colonies and seagrass beds (Fagoonee, 1990). The 
1000m contour ranges from 2.8km to 5.6km (1.5 to 3 nautical miles) from the coast 
(Corbett, 1994). This provides a wide range of marine habitats within a very narrow 
area. The trade winds blow from the east and south-east for most of the year making 
the western side of the island a protected area with lagoons and generally good (≤3 
Beaufort) open sea conditions (Corbett, 1994). 28 
 
 
 
Figure 2.1: The Western Indian Ocean. The eastern boundary marked by the vertical line.  Map of Mauritius with the box indicating the 
position of the study area. 
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The subtropical environment of Mauritius means there are only two seasons, summer and 
winter,  and  temperatures  are  generally  warm  throughout  the  year.    The  majority  of 
rainfall occurs during the summer months from November to April while winter, May to 
October, is mainly dry. The west coast of the island is considered to be the hottest (25.8- 
30.4°C monthly average) and driest (12-182mm monthly average) region (MMS, 2010).  As 
most weather systems approach the island from the east most rainfall occurs on the east 
coast or over the central plateau. Being subtropical the sea surface temperature in the 
lagoons remains relatively high throughout the year (22-30°C) while outside the lagoon 
areas the variation is less (Sato et al.,2008).  Tides occur twice a day and can have a 
maximum range of 0.4m at neap tide and 0.6m at spring tide (Daby, 2006a).  
The study area encompassed approximately 30 kilometres of coastline, out to a depth of 
100 metres, along the west coast of Mauritius between Bay du Cap (20°29’39S, 57°22’14E) 
in the south and Point Moyenne (20°14’48S, 57°22’82E) in the north (Figure 2.2). The 
100m isobath ranged from approximately 1 to 5.7km from the shore. The study area 
covered an area of 75 square kilometres and included the area where the existing dolphin 
watching industry is centred.   Lagoons were not included in the study area as they are too 
shallow to work in and dolphins rarely entered these areas. 
The study area included three bay areas (Black River, Tamarin and Point Moyenne), three 
inter-bay areas (Benitier, Preneuse and Flic en Flac) and one area offshore of a peninsula 
(Morne). The limit of the bay was considered the 50m contour and the sea-ward edge of 
the study area was the 100m contour though some surveys were continued out to the 
1000m contour. 30 
 
 
Figure 2.2: The study area relative to coastal habitats and local communities. The red line 
outlines the study area out to the 100m depth contour and black lines indicate 
division of the sites. 
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Bay areas are characterised by predominantly sandy bottom, sheltered conditions and all 
have a stream or river emptying into them. Inter-bay areas are reef-fringed. While Morne 
has reef but no bay, it was considered a separate site as it was open sea and generally had 
rougher conditions than the rest of the study area due to exposure to southerly and 
easterly  winds.  These  were  grouped  as  zones  called  Bay,  Open  coast  and  Morne 
respectively for comparisons between habitat types.  
2.2 Human Activity 
Due to its protected nature, the west coast is densely populated and the seas in this 
region  are  used  extensively  for  both  private  and  commercial  activities.  Game-fishing 
vessels and private fishermen make use of several fish aggregation devices (FADs) placed 
at  varying  intervals  of  depth  and  distance  offshore,  the  nearest  being  4.1km  (2.2nm) 
offshore  from  Tamarin  at  a  depth  of  450m  (Government  of  Mauritius,  2010).  Local 
fishermen use the lagoons and reef areas extensively for catching octopus, crustaceans 
and fish (Everett et al., 2010; MMCS, 2010). Some 64 dolphin watching operators are 
based along this area of coast, along with large catamarans offering day cruises, diving and 
snorkelling  excursions  and  a  variety  of  water  sports  from  the  hotels  (MMCS,  2010). 
Extensive development has occurred along the coast over the last 20 years mainly in the 
form of hotels (Ramjeawon & Beedassy, 2004; Sobhee, 2006) and considerable amounts 
of sand have been removed from the lagoon areas to be used in construction (Sobhee, 
2006). According to Sobhee (2006) fishing and tourism are the two major disturbances to 
the coral reefs. Apart from one area of natural forest and mangrove, the remainder of the 
coastline is comprised of hotels, private residences or sugar plantations.   32 
 
Black River Bay, in the centre of the study area, is a busy anchorage where the majority of 
catamarans, deep sea fishing boats, private fisherman and the dolphin watching boats 
launch from.  During 2010 development began on the Le Belize Marina in this area and is 
likely to further increase boating activity, pollution and generally decrease the condition 
of the river and subsequently the bay.  
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3   Population size, density and temporal and spatial 
distribution of bottlenose dolphins. 
 
3.1 Introduction 
A lack of knowledge on the populations of bottlenose dolphin around Mauritius means the 
conservation status of this population is unknown. With the dolphin watching industry 
now a substantial contributor to the national economy it is increasingly important that the 
basic population, distribution and movement data is available in order to monitor the 
impact of this and other human activities on the local populations. The current lack of 
information is hampering the development of urgently needed conservation management 
plans. 
The health and status of a population can be monitored by looking at the abundance 
estimates and, over time, the rate of population growth or decline (Hammond, 2001). Life 
history estimates of survival and abundance are an important conservation tool to plan 
and  manage  small,  isolated  or  poorly  known  populations  that  may  be  subjected  to 
environmental, and/or anthropogenic pressures (Evans & Hammond, 2004). 
Findings and the outcomes of policy such as that conducted by the International Union for 
the Conservation of Nature (IUCN) rely on robust data in order to compile the lists of 
endangered species, CITES regulations and other legal documentation. In 2008 the IUCN 
updated the Redlist for cetacean species; nearly a quarter of cetacean species are now 
considered threatened. The situation might in reality be worse, as more than half of the 
known cetacean species are classified as data deficient (Hammond et al., 2008). This lack 34 
 
of knowledge can be seen as an indication of the challenges involved when studying these 
animals in their natural environment. It also suggests that much of the time, declines in 
population abundance will either not be detected (Taylor et al., 2007), or will not be acted 
upon, due to lack of evidence. 
The challenges of obtaining accurate population estimates can be inhibiting due to time, 
effort  and  expense  (Evans  &  Hammond,  2004;  Dawson  et  al.,  2008).  In  addition,  the 
nature  of  the  animals  can  cause  problems  with  observation  and  data  collection.  As 
cetaceans spend so much of their time underwater, movement patterns can be difficult to 
follow, as well as having to account for environmental and sampling variability (Stevick et 
al., 2002). In Mauritius, a major challenge to studying these animals was the presence of 
other boats and swimmers. The number and movement of boats and swimmers around 
the dolphin groups at times made it difficult to observe clearly, or to be close enough, to 
obtain the necessary accurate information about the groups.  
Abundance 
Abundance estimates can be conducted in several ways, perhaps the most extensively 
used  method  for  assessment  of  wild  cetacean  populations  is  capture-recapture  using 
photographic  identification  (photo-ID)  of  free  ranging  individuals.  This  low  impact 
technique  involves  photographing  the  dorsal  fin  and  flank  of  as  many  individuals  as 
possible in a group and using the natural marks and nicks to identify them (Wursig & 
Wursig, 1977; Wursig & Jefferson, 1990; Wilson, 1995). Sighting histories of animals built 
up over time allow for the investigation of individual home range and habitat preferences 
(Stevick et al., 2002), identification of sex (Rowe & Dawson, 2009), reproductive success 35 
 
(Mann et al., 2000; Connor et al., 2000b), social system (Smolker et al., 1992; Connor et 
al., 1992; Connor et al., 2000a), residency and most commonly abundance (Hammond et 
al., 1990; Connor et al., 2000; Sargeant et al., 2007).  
Spatial and Temporal Distribution   
Monitoring the movement of groups and/or individuals can give valuable insights to the 
habitat preferences and use, foraging strategies, resource distribution and social systems 
(Wilson et al., 1997; Ingram & Rogan, 2002). As a population may not use all sites within 
their range equally, core areas can be used to assess the importance of these areas and 
what makes them different, physically and biologically, and thereby provide insights to the 
requirements of the species. Understanding these patterns is crucial for assessing threats 
and measures to control them.  
In general animals will move as much as required to take full advantage of access to 
resources (Stevick et al., 2002). The distribution of cetaceans is influenced by a range of 
factors including the behaviour of a species (Parra, 2006), the density of the population 
(Ostfeld, 1990), environmental conditions such as temperature (Ross & Cockcroft, 1990), 
salinity (Cribb et al., 2008), depth (Ingram & Rogan, 2002) and bottom topography (Ingram 
&  Rogan,  2002),  productivity  (Harestad  &  Bunnell,  1979)  and  predator  and  prey 
abundance and distribution (Heithaus & Dill, 2002; Hastie et al., 2004). At an individual 
level,  movement  patterns  are  influenced  by  social  and  mating  systems  and  mate 
distribution (Madison 1980; Ribble & Stanley, 1998). 
The nature of the marine environment and the ease with which the bottlenose dolphin 
(Tursiops sp.) is able to move through it would suggest that this species is capable of 36 
 
utilising a large range (Hammond, 2001). The adaptability of this species is highlighted by 
the wide variety of environments which they inhabit. They have site specific ranges, social 
structure and densities ranging from the large groups, with extensive ranges off the coast 
of South Africa (Phillips, 2006; Reisinger & Karczmarski, 2010), to the relatively small, 
restricted populations in Scotland (Wilson et al., 1997; Wilson et al., 1999) and parts of 
Australia (Moller et al., 2002; Fury, 2008;) and New Zealand (Lusseau et al., 2003).  
This chapter aims to determine the size of the population using this area of coast, the 
degree of residency, site fidelity and range of the identified individuals and identify high 
use areas. All are very important factors to consider before an appropriate conservation 
plan can be developed. 
 
3.2 Methods  
3.2.1 Field Surveys 
Data  collection:  Boat  based  observations  were  conducted  2-3  times  a  week  when 
conditions were favourable between April 2008 and June 2010. For the first five months of 
the study commercial boats that provided a research space or a hired motorised boat 
were used to collect data.  From August 2008 the majority of trips were conducted on the 
Mauritius Marine Conservation Society (MMCS) research vessel with some opportunistic 
trips with commercial boats. The MMCS research boat was a 7m Tremlet fibreglass boat, 
with  two  60hp  four-stroke,  outboard  motors. Surveys  were divided  into the  following 
types; Focal, Sighting, Biopsy and Opportunistic. 37 
 
Each survey type was defined as follows:  
Focal (F) – Once dolphins were found the group was monitored all morning or until the 
dolphin watching boats had departed, in order to assess behaviour of the group with the 
boats and swimmers.  This allowed very good photographic coverage of the group and 
estimates of numbers.  However, we were not able to collect information on other groups 
that might have been in the area at the same time.  
Sighting  (S)  –  While  there  was  no  set  route  for  these  trips  and  they  were  generally 
dependent on sea conditions, attempts were made to cover the entire length of coast 
included in the  study area, as well as outside it in deeper water (approx. 1500m), to 
determine species diversity.  If conditions were favourable the coast was followed south 
to ensure this area was covered before sea conditions made sighting animals difficult. 
Focus remained on the bottlenose and spinner dolphins but all species encountered were 
recorded.  Once groups were encountered they were approached to obtain identification 
photographs, group size and composition estimates before moving on. 
Biopsy (B) – Due to the number of boats and tourists coming to see and swim with the 
dolphins  these  trips  were  attempted  either  very  early  morning  or  after  all  dolphin 
watching boats had departed (i.e. without members of the public around).  Group size, 
composition and activity were recorded before any attempts to biopsy began. Photo-ID 
was also attempted during this activity but due to having limited time without boats, and 
with dolphins in an accessible situation, this was not always as comprehensive as normally 
required.  38 
 
Opportunistic (O) – Some trips were made on the dolphin watching boats when they had 
space  available.    While  this  gave  us  the  opportunity  to  collect  group  data  (number 
estimates and composition) and some photo-ID, we could not necessarily collect all the 
data required. 
As the primary study was investigating the effects of the dolphin watching on spinner and 
bottlenose dolphin behaviour, priority was given to Focal trips. Biopsy trips included trips 
dedicated to this objective and could also be combined with a Sighting or Focal trip.  These 
circumstances along with the limitations of working around so many dolphin watching 
boats, need to be considered when looking at the types of analysis to be conducted and 
the interpretation of the results. 
The route taken for each trip varied depending on trip type (Figure 3.1). In general Focal 
trips were conducted at approximately 10km/h from Black River Bay northwards outside 
the lagoon following the coast (Figure 2.2). If dolphins were not sighted by Point Moyenne 
Bay, direction was reversed and continued southwards to Morne. Once dolphins were 
found, the vessel was steered parallel to the dolphins to allow good observations of the 
animals  without  disturbing  them.  The  duration  and  distance  at  which  dolphins  were 
observed varied depending on the trip type. Focal trips could last up to seven hours while 
maintaining  a  distance  of  approximately  50m,  while  during  biopsy  trips  groups  were 
followed  closely  (approx.  10m)  to  allow  accurate  shots but this  was maintained  for a 
maximum of 10 minutes at a time.  Opportunistic trips with dolphin watching operators 
generally lasted two hours in total, and time with the dolphins was very dependent on 39 
 
where they were. During these trips we had no control over distance from the groups. 
During Sightings trips, approximately 30 minutes was spent with each group (depending 
on  the  number  of  animals)  while  attempting  to  maintain  a  10-20m  distance  for 
photography and group composition data. All surveys were conducted between 0600h 
and 1400h in Beaufort seas state ≤3 in clear weather. Surveys were abandoned if sea 
and/or visibility conditions deteriorated.   
 
Figure 3.1:   White tracks give an example of the spatial coverage within the study area 
and out to approximately 1000m depth during 30 days of trips, including all 
trip types. 
N 
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For our purposes the focal group was defined as any group encountered and followed in 
order  to  obtain  photo-ID  of  members  and/or  was  generally  that  followed  by  dolphin 
watching groups. In addition to photographing the dorsal fins the following information 
was recorded at 10 minute intervals: Global Positioning System (GPS) record of location 
(handheld Garmin ‘etrek’), the species and composition of the focal group and an estimate 
of minimum and maximum number of individuals. Environmental factors including depth 
(m), water clarity (m), sea surface temperature (°C), cloud cover (Oktas), sea state and 
wind strength (Beaufort) and tidal movement (flood/ebb/high/low) were recorded every 
30 minutes or when changes were observed. Depth and sea surface temperature were 
measured with digital sonar (maximum depth 60m), water clarity was estimated with a 
Secchi  disc,  or  if  the  bottom  could  be  seen,  the  depth  was  taken  as  the  measure  of 
visibility.  
3.2.2 Photo Identification and analysis 
Using  photo  identification,  population  size  can  be  estimated  by  the  probability  of 
photographing and identifying any one dolphin on two or more occasions. This is the basis 
of Capture-Mark-Recapture theory and has long been a standard technique for estimating 
population sizes (e.g. Petersen, 1896; Lincoln, 1930). The dorsal fin, flukes and flanks of 
many  species  of  cetacean  acquire  unique  nicks  and  marks  that  allow  researchers  to 
differentiate  between  individuals  (Wursig  &  Wursig,  1977;  Wilson,  1995;  Wursig  & 
Jefferson, 1990).   When using photo  identification it is essential that the marks don’t 
change  or  if  they  do,  they  are  evident  to  the  researcher  (Hammond,  1986;  2009).  In 
studies on large whale species changes in natural marks were found to have minimal 41 
 
affect  on  successful  identification  (Payne  et  al.,  1983  in  Hammond  1986),  and  were 
therefore concluded to be a reliable method for identification of individuals (Stevick et al., 
2001).  On  small  cetaceans  different  markings  remain  for  varying  durations  (Wursig  & 
Jefferson, 1990). Wilson et al. (1999) found that while scarring faded, the nicks and shapes 
of the dorsal fin of Tursiops truncatus were stable over the four years of the study.   
The technique is sensitive to both the quality of the photographs and the distinctiveness 
of the marks (Gowans & Whitehead, 2001; Friday et al., 2008). These two factors are not 
independent of each other with slight markings requiring high quality pictures in order to 
be captured reliably. A balance must be found between the distinctiveness of markings, in 
order  to  allow  reliable  recapture,  and  the  quality  of  the  picture  to  minimise  any 
heterogeneity of capture probability due to differences in markings.  
When a group of dolphins was sighted the aim was to photograph each individual’s dorsal 
fin from both sides.  The majority of photographs were taken with a Canon EOS450D 
digital camera with a Canon zoom lens EF 70-300mm with Ultrasonic Image Stabilizer that 
was fitted with a Hoya Digital 58mm/0.75 polarizing filter.   
Photographs were stored digitally by trip number and date. Analysis of the photographs 
involved  several  steps.  The  total  number  of  pictures  taken  per  day  per  group  was 
recorded. A recount was made after removing pictures with only water to get the number 
of pictures containing dolphins. Each fin in each photograph that was relatively in focus, 
had good orientation and at least half the fin above the water was cropped from the 
original  photograph  for  closer  examination  of  identifiable  features  using  the  software 42 
 
Canon Zoombrowser.  Once all fins for a trip had been extracted, a final count of the 
number of used pictures was made along with the number of fins.  The extracted fins were 
examined  for  quality  and  graded  as  poor,  good  or  excellent  depending  on  size, 
orientation, focus and spray (Figure 3.2).  
 
Figure 3.2:   Examples  of  poor,  good  and  excellent  (left  to  right)  photographs  for 
identification. 
 
Only good or excellent fin photographs were used for analysis. All good and excellent 
quality fins were examined manually to identify individuals, then matched and catalogued 
according to features such as Very Distinctive Fin (VDF), Very Distinctive Notch (VDN), 
Fintip, 1, 2, 3 or 3+ notches and Base notch (Figure 3.3).  A subset of these animals was 
selected as being marked in such a way that they could be reliably identified over time 
and were defined as distinctively marked individuals (DMIs), only this subset was used in 
subsequent analysis.  43 
 
 
Figure 3.3:   Examples of fin classification A: Very distinctive fin (VDF), B: Very distinctive 
notch (VDN), C: Fin tip, D: 1notch, E: 2notch, F: 3notch, G: 3+notches and H: 
base notch.  
 
New  photographs  were  compared  to  those  already  in  the  catalogue  to  identify  re-
sightings or new animals. New animals were given a unique identification number and 
added  to  the  catalogue  while  re-sighted  animals  had  date,  location  and  associated 
individuals  recorded.    A  photo  album  was  created  for  each  individual  containing  all 
photographs of it on the dates sighted. 
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3.2.3 Mark Recapture Population Estimates  
Abundance  estimates  rely  on  the  ability  to  determine  the  proportion  of  marked 
individuals within the population.  The two important assumptions for this calculation are 
that: 
 1) There is extensive photographic effort and  
2) There is a constant attempt to photograph all individuals in a group regardless of age 
(Bearzi et al., 2008).   
Meeting these requirements becomes increasingly difficult when dealing with species that 
are highly gregarious and/or do not mark well (Chilvers & Corkeron, 2002). Within group 
sampling  error  can  occur  when  using  photo-ID  which  can  lead  to  under  or  over 
estimations  of  the  population.  In  large  groups  it  becomes  more  likely  that  not  all 
individuals are photographed. When this is combined with a low proportion of marked 
animals, errors can be significant (Chilvers & Corkeron, 2002).  In addition, if animals with 
only subtle markings are included the chances of misidentification are increased. This can 
cause inaccuracies for abundance estimates as well as social analysis. 
To ensure these assumptions were met only photographs taken on Focal follow surveys 
(see  section  3.2.1)  were  analysed.  For  comparison,  estimates  were  also  made  using 
photographs taken on all trips types (All data monthly - Table 3.2). For our purposes a 
population  was  defined  as  the  number  of  individuals  frequenting  the  study  area.  The 
percentage of marked individuals in the population (θ) was calculated from the number of 45 
 
good  and  excellent quality  fins  with  marks, divided  by the  total  number  of  good  and 
excellent fin pictures from all Focal follow surveys.   
Abundance estimates of the population using the study area were calculated with the 
computer  program  MARK  (White  and  Burnham,  1999)  as  it  contains  a  number  of 
established mark-recapture models.  Mark recapture abundance estimates are based on 
sampling and re-sampling a given population to obtain an estimate of animals using the 
study area during the study (Seber, 1982). Mark recapture models assume that all animals 
in the study population have equal catchability during the study (Wilson et al., 1999). 
However, due to differences in movement patterns, site fidelity and behaviour, individual 
catchability can vary over time (Wilson et al., 1999). For accurate estimates of abundance 
models  can  be  selected  in  order  to  satisfy  the  requirements  that  best  fit  the  study 
population.   
Mark recapture estimates have an inherent imprecision as it is difficult to fulfil all the 
required  assumptions  for  accuracy,  especially  when  working  with  wild  populations 
(Pollock et al., 1990). Normal closed population models do not allow for any movement, 
whether it is births, deaths, immigration or emigration. They also assume no mark loss, 
equal catchability, correct identification of individuals and that initial capture does not 
affect  subsequent  catchability  (Wilson  et  al.,  1999).  Traditional  open  models  such  as 
POPAN (Schwarz & Arnason, 1996), are more flexible allowing limited entry and/or exit 
over the study. In realistic population terms, these conditions are unlikely. As the study 
area  is  limited  spatially  it  may  contain  only  part  of  an  individual’s  range  resulting  in 
movement in and out of the area (Kendall & Bjorkland, 2001). Open models, which are 46 
 
generally used for long term studies concerned with determining survival and recruitment 
rates  (Otis,  1978),  do  not  allow  for  heterogeneity  of  capture  probability  which  can 
negatively bias estimates. However, they do give an idea of the overall population size for 
animals using the area. For accuracy these models require large data sets and that all 
animals are equally likely to be captured. In contrast, closed models are able to account 
for heterogeneity to some degree and can be used for shorter time periods.  
Unequal  catchability  results  in  the  highest  levels  of  bias  and  a  subsequent 
underestimation of abundance (Chao et al., 1992). Differences in catchability can be from 
two  sources  (i)  unequal  effort  in  collecting  the  data  or  (ii)  differences  in  behaviour 
(Hammond, 1986; Hammond, 1990). Pollock’s Robust Design (Pollock et al., 1990) was 
developed to minimise bias caused by heterogeneity by (i) combining both closed and 
open models, (ii) allowing for heterogeneity of capture probability from sampling bias 
and/or trap response, and (iii) accounting for animals missed during individual sampling 
periods (Figure 3.4).  
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Combined Open Closed Population Analysis 
     Open 
12 or 13       Bimonthly  Bimonthly…………  Bimonthly 
Primary Periods 
 
27 Secondary       1  2  1  2    1  2 
Periods          Closed     Closed        Closed 
Each Secondary period represent a month, during which time the entire study area is covered. 
Figure 3.4:   Schematic diagram of Pollock’s Robust Design. In this example there were 
bimonthly  primary  sampling  periods  and  monthly  secondary  sampling 
periods.  
 
Any estimates of abundance make a number of assumptions about the study population. 
The assumptions of Closed Robust Design are: 
 1. The population is assumed to be closed to additions and deletions across all sampling 
periods within periods  
2.  Temporary  emigration  is  assumed  to  be  (i)  random  (availability  between  sampling 
periods  is  independent),  (ii)  Markovian  (availability  between  sampling  periods  is 
dependent) or (iii) based on temporary response to first capture event  
3. Survival rate is assumed to be the same for all animals regardless of availability of 
capture (Kendall, 2009). 
Both POPAN (Schwarz & Arnason, 1996) and Pollock’s Robust Design (Pollock et al., 1990) 
models were used for calculating abundance. This was done to compare the number of 48 
 
animals  using  the  area  during  each  sampling  period  (Robust  Design)  to  the  total 
population (total animals using the study area) estimate (POPAN). As data collection was 
continuous,  the  encounter  histories  for  each  individual  were  divided  into  monthly, 
bimonthly and quarterly sampling occasions. These different durations were used as they 
allowed time to i) cover the entire study area, and ii) allowed animals to im/emigrate 
and/or die between sampling periods. Encounter histories were run through a number of 
models in POPAN accounting for variation in capture probability, probability of entry and 
survival, to obtain estimates of distinctively marked individuals (DMI) in the population. 
The same process was repeated for Closed Robust Design models accounting for variation 
in catchability, due to the type of emigration, while survival was assumed to be equal. Any 
gaps in the sampling were accounted for by adjusting the time intervals in the programme 
settings.  
Total  population  estimates  (NTotal)  were  calculated  from  the  most  appropriate  model 
based on the Akaike’s Information Criterion (AIC) and validation of the assumptions. 
Calves  were  excluded  from  the  initial  population  estimates  as  they  are  generally 
unmarked and do not have a different capture probability from the mother (Wells & Scott, 
1990).  They were then included in the final calculations for the total population using the 
following formula (adjusted from Stensland et al., 2006, Fury & Harrison, 2008): 
NTotal    
 
       
 
     
Where NTotal= Population estimate 49 
 
Ñ= maximum number of DMIs (from program estimates) 
  = proportion of population marked (indentifiable) 
  = proportion of calves in the population 
A calf was defined as an animal up to two thirds adult size and in regular, close association 
with an adult. The proportion of calves ( ) in the population was calculated by dividing the 
number of calves identified due to association with the mother, by the total number of 
DMIs included in the analysis (Stensland et al., 2006; Vermeulen & Cammareri, 2009). 
Confidence intervals of the total population ( ) were calculated assuming that the error 
distribution for the upper and lower intervals were the same as that for the estimate of 
the number of marked animals (Wilson et al., 1999). 
In order to obtain a rough idea of the density of bottlenose dolphins within the study area 
the total population estimate was divided by the area covered by the study (75km
2). 
3.2.4 Encounter rates 
As time was recorded consistently throughout the study and was independent of trip type 
it was used to calculate the encounter rate as groups per hour. Focal trips were included 
by adjusting time to include only that time spent searching for dolphins. A group was 
defined as those dolphins within a 100m radius of each other that were involved in similar 
or the same activities and/or interacting over time scales sufficiently short that there were 
few changes in membership (Shane, 1990;  Whitehead & Dufault, 1999;  Connor et al., 
2000a). This also included solitary animals. The time spent with cetaceans was subtracted 
from the total amount of time spent on the sea each month in order to get total time 50 
 
searching for dolphins.  The number of groups sighted per month was then divided by the 
search time.   
3.2.5 Re-sighting Frequencies and Residency  
Residency of animals within the study area and the definition of the population as ‘open’ 
or ‘closed’ was investigated in several ways. 
1.   The shape of the discovery curve,  
2.  resighting frequencies and  
3.  calculation of lagged identification rates for a) movement in and out of the 
whole study area (emigration/mortality) and b) between all pairs of sites within 
the study area. 
A discovery curve, where the cumulative number of newly identified animas is plotted 
against  some  measure  of  time,  gives  a  good  indication  whether  the  rate  of  newly 
identified animals decreases over the course of the study. Typically the curve for an ‘open’ 
population  will  continue  to  increase,  whereas  the  slope  for  a  ‘closed’  population  will 
decrease  and/or  reach  an  asymptote  as  the  number  of  new  animals  being  identified 
decreases. This levelling off of the curve implies that the majority of marked animals using 
the study area have been identified.  
The  same  data  set  of  Focal  trips  was  used  to  determine  whether  the  rate  of  newly 
identified animals decreased over the course of the study.   51 
 
On occasion some animals were identified twice during the same day. These were only 
counted  once  and  sightings  had  to  be  a  minimum  of  24  hours  apart  to  be  used  in 
residency analysis.  
The re-sighting frequency was calculated for each individual and the distribution of the 
number of re-sightings was calculated in order to determine percentages of animals seen 
more than once. This was done over several time scales to investigate long-term site 
fidelity. The number of months a dolphin was identified as a proportion of the number of 
months  when  surveys were  conducted  (n=24  months;  potentially  0.04  to  1),  this  was 
repeated for 6 monthly periods (n=5; 0.11-1) and also yearly, being 2008, 2009 and 2010 
(0.33-1) even though this gave intervals of different lengths.  
The probability of animals staying in or moving out of the study area was investigated 
using the movement model in the compiled version of SOCPROG 2.4 (Whitehead, 2009a). 
This was done on two levels by calculating the lagged identification rates for i) the whole 
study area and ii)  moving within and between any other site within the study area. As this 
type of analysis requires large amounts of data for accuracy, all trips between April 2008 
and  June  2010  where  the  photographic  coverage  of  the  group  was  considered  to  be 
substantial, i.e. the number of photographs taken was at least double the number of 
animals estimated to be present, were included, with the exception of the Biopsy trips. 
For both types of movement analysis all DMIs were included and sampling periods were 
set at Day. Plots of lagged identification rates that drop rapidly after some time lag and 
then level-off some point above zero, could indicate one or a combination of the following 
situations: 52 
 
1) a number of individuals are leaving the study area after being resident for a certain 
time,  
2) some individuals remain in the area and/or 
3) some individuals re-migrate into the area (Whitehead, 2001).  
Plots were compared to predefined models in SOCPROG and the model with the minimum 
Quasi Akaike Information Criterion (QAIC) was selected as the best fit.   
3.2.6 Patterns of Distribution 
A home range is defined as an area used regularly by an individual or group in the course 
of performing normal daily activities (Burt, 1943; Shane et al., 1986). The use of home 
range is perhaps misleading when used in the context of marine mammals as their home 
range is often larger than the study area.  The use of simply ‘Range’ was used by Hung & 
Jefferson (2004) and defined as the area where animals were repeatedly sighted. 
Spatial distribution of dolphins within the study area was investigated at two levels 
1)  using the distribution of all dolphins at the group level and  
2)  the home range of a select group of individuals. 
The group was used for the following three reasons: 
 1) to increase the sample size,  
2) as animals within a group are considered to be associated and likely to be seen together 
often, it is hypothesised that they will share similar habitats (Wilson et al., 1997, Parra, 
2006, De Biasi Cagnazzi et al., 2011) and 53 
 
3) to be able to make distribution comparisons between species.   
A subset of individuals, seen on nine or more occasions, was used to compare single 
animal ranges to area use of the group. The range of an animal can be calculated from a 
sample of location points within a defined area. This distribution describes the relative use 
of space by an animal or group. Many methods are available to calculate range; however, 
the Kernel estimator has the advantage that it can also give information regarding the use 
of the space within the home range (Worton, 1989; Urian et al., 2009). The kernel method 
calculates a probability distribution based on the observed distribution, it is less sensitive 
to both sample size and outliers than many other methods (Kie et al., 1996; Seaman & 
Powell, 1996; Horsup, 1996). The 95% contour is considered the entire area used by an 
animal and the 50% contour the core area (Urian et al., 2009; Cagnazzi et al., 2011). The 
software package Ranges8 (Kenward et al., 2008) was used to calculate both 95% and 50% 
utilisation distributions for groups and for 14 individual bottlenose dolphins to determine 
core areas of use. Settings for analysis included fixed kernels, contours by location density 
with a smoothing multiplier fixed at 1 and a matrix set to 40x40 (rescaled to fit). 
Adjustments  for  land  overlap  for  group  locations  and  creation  of  Figures  was  then 
conducted in ArcMap. As the study area created a spatial limit, ‘Range’ was defined as the 
area where animals were repeatedly sighted (Hung & Jefferson, 2004). 
To  determine  whether dolphins  used particular  areas more  often,  sighting rates were 
calculated for each site and zone. Calculations were based on where the initial sighting 
took  place  for  each  group  encountered.  After  correcting  to  account  for  the  uneven 54 
 
distribution of search effort (hours) across the sites, sighting rates were calculated from 
the number of sightings as a proportion of the total search time at each site. This was 
repeated for zones. The study area was divided into seven sites (from north to south) 
Point Moyenne, Flic en Flac, Tamarin Bay, Preneuse, Black River Bay, Benitier and Morne. 
An eighth site called ‘Other’ was included denoting sightings outside these divisions. These 
were then grouped into zones of Bays, Open coast, Morne and Other based on similarity 
of habitat (Figure 2.2) as described in Chapter 2. Sites are listed on Figures from North to 
South.  
Seasonal  comparisons  were  made  on  the  basis  that  Mauritius  has  only  two  seasons, 
summer and winter. Summer months are November through to April while winter is May 
to October as determined by rain levels and temperature.  
Where comparisons were made between years these were defined as the twelve month 
periods of Year 1: April 2008 to March 2009 and Year 2: April 2009 to March 2010. 
Statistical analysis was conducted using the software PAST 1.81 (Hammer et al., 2001). 
3.2.6.1 Additional photo-identification 
To  investigate  whether  there  were  other  groups  using  the  coast  three  surveys  were 
conducted in the north of the island from Pereybere Bay to Port Louis (Figure 3.5) on the 
30
th March, 1
st and 2
nd of April 2010. During these trips all dolphins groups encountered 
were recorded and photo-identification conducted in order to compare to animals in the 
study area.  
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Figure 3.5:   Map of Mauritius indicating the study area (boxed) in relation to the area 
where three additional surveys were conducted between Pereybere and 
Port Louis (    ) in the north of the island. 
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3.3 Results 
Over  the  course  of  the  study  between  April  2008  and  June  2010,  137  groups  were 
recorded from 229 days of surveys. Groups were encountered every month of the study 
and a total of 122 hours 43 minutes was spent in observation (Figure 3.6). The overall 
mean daily sightings per month was 0.61 (0.04 s.e.) for all trips.  
 
Figure 3.6:   Monthly distribution of time spent at sea (blue) compared to the number of 
hours spent with T. aduncus (red) between April 2008 and June 2010. 
 
Sightings for bottlenose dolphins occurred in a range of water depths, from 5 meters to 
sixty meters (mean=20.6±1.6 s.e.). On one occasion a group was followed into the lagoon 
where water depth was less than two meters. It was rare to record sightings in water 
deeper than fifty meters (n=2) and 78.6% of sightings were in water thirty meters deep or 
0:00 
12:00 
24:00 
36:00 
48:00 
60:00 
72:00 
A
p
r
i
l
 
m
a
y
 
J
u
n
e
 
J
u
l
y
 
A
u
g
u
s
t
 
S
e
p
t
e
m
b
e
r
 
O
c
t
o
b
e
r
 
N
o
v
e
m
b
e
r
 
D
e
c
e
m
b
e
r
 
J
a
n
u
a
r
y
 
F
e
b
r
u
a
r
y
 
M
a
r
c
h
 
A
p
r
i
l
 
M
a
y
 
J
u
n
e
 
J
u
l
y
 
A
u
g
u
s
t
 
S
e
p
t
e
m
b
e
r
 
O
c
t
o
b
e
r
 
N
o
v
e
m
b
e
r
 
D
e
c
e
m
b
e
r
 
J
a
n
u
a
r
y
 
F
e
b
r
u
a
r
y
 
M
a
r
c
h
 
A
p
r
i
l
 
M
a
y
 
J
u
n
e
 
H
o
u
r
s
 
Month 57 
 
less. The mean depths at which dolphins were sighted in each season were 22.9m (2.0 
s.e.) and 16.2m (2.4 s.e.) for summer and winter respectively but were not significantly 
different (t test: t=1.99, p=0.05).  The majority of sightings (59%) occurred when the tide 
was coming in. 
Mean water clarity for bottlenose sightings was 13.3m (0.8 s.e.) although the range of 
depths  varied  widely  from  6.6m  to  26.0m.    There  was  significant  difference  between 
seasonal means for clarity (t test: t=2.25, p=0.03) with 14.4m (1.0 s.e.) for summer and 
10.4m  (1.0  s.e.)  for  winter  months  and  winter  had  the  smaller  range.  Sea  surface 
temperature was also significantly different between seasons (t test: t=7.14, p<0.01) with 
the summer mean being 27.4°C (0.3 s.e.) compared to 24.3°C (0.4 s.e.) in winter. Overall, 
the mean water temperature at bottlenose dolphin sightings was 26.1°C (0.3 s.e.). 
3.3.1 Encounter rates 
Encounter rates were based on the amount of time spent searching for dolphins.  Over the 
first year (April 2008 to March 2009) the mean monthly encounter rate was 0.66 (0.11 
s.e.) groups h
-1 search time. This is comparable to the second year (April 2009 to March 
2010) at 0.41 (0.12 s.e.) groups h
-1. The mean monthly encounter rate for the whole 
period of the study between April 2008 and June 2010 was 0.53 (0.07 s.e.) groups h
-1 of 
search time (Figure 3.7).   
Bottlenose dolphins were encountered every month of the study and little variation was 
observed between seasons. When comparisons were made the monthly encounter rate 
for summer was 0.54 (0.10 s.e.) groups h
-1 of search time while that of winter was 0.52 
(0.11 s.e.) groups h
-1.  58 
 
 
 
 
Figure 3.7:   Mean monthly encounter rates (groups h
-1) of T. aduncus for the periods: 
A: April 2008 to March 2009. B: April 2009 to March 2010. C: Pooled for 
each month over the whole study period April 2008 to June 2010. 
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3.3.2 Discovery and mark rates 
Between 2008 and 2010 a total of 71 groups of bottlenose dolphins were encountered 
over 59 days, totalling 98 hours 35 minutes of observation during Focal follow trips (Figure 
3.8). Four months over the course of the study did not record any Focal follow trips, 
October 2009, January, March and June 2010.  
 
Figure 3.8:   Monthly distribution of hours spent on the sea with T. aduncus during Focal 
follow surveys (see Section 3.2.1) between April 2008 and June 2010. 
 
The majority of bottlenose dolphins had some degree of marking evident on their body 
and/or dorsal fin. Fifty four animals were identified throughout the course of the study 
and entered into an identification catalogue. Of these animals, thirty five adults were 
considered  to  be  distinctively  marked  individuals  (DMI)  and  therefore  useful  for 
population analysis. The cumulative number of identified individuals (rate of discovery) 
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slowed after the first year of the study. The rate of discovery of new individuals from April 
2008 to March 2009 was 2.75 (0.73 s.e.) animals per month with 94% of recognisable 
bottlenose dolphins identified during this period. After March 2009, the discovery rate 
decreased to 0.17 (0.11 s.e.) per month for the following twelve months and the curve 
flattened  noticeably  (Figure  3.9)  indicating  population  closure.  When  the  last  three 
months (April-June 2010) were included in the second year the mean and standard error 
were 0.13 and 0.09 respectively. 
When considered separately the discovery rates between years were comparable with 
2.75  (0.73  s.e.)  new  animals  per  month  in  the  first  year  and  2.50  (0.89  s.e.)  (mean 
2.07±0.75 s.e. including last 3 months) animals per month in the second year (Figure 3.9).  
From almost 5000 photographs, 3053 fins were considered to be of a quality good enough 
to be extracted for grading and further analysis.  Analysis of all excellent and good quality 
fins (n=1213) from all 59 Focal follow trips indicated that the proportion of animals that 
could  be  reliably  identified  over  time  was  moderate.  The  proportion  of  DMIs  was 
calculated as 0.57 and 0.68 for Year 1 and 2 respectively, while that for the total study 
period was calculated to be 0.61. The final value of 0.61 was used for further calculations.  
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Figure 3.9:   Comparison of discovery curves for the periods April 2008 to June 2010 
(dots), April 2008 to March 2009 (black) and April 2009 to June 2010 (grey) 
for the identification of new  T. aduncus by the number of photographs 
taken during Focal follow trips (see Section 3.2.1). The arrow indicates end 
of the second year at March 2010. 
 
 
3.3.3 Re-sighting Frequencies 
Of the thirty five Distinctively Marked Individual (DMI) bottlenose dolphins indentified, 
the majority (85.7%) were sighted more than once. Five individuals were sighted only once 
while one individual was sighted seventeen times (Figure 3.10). The mean number of 
sightings per individual was 5.23 (0.64 s.e.) and almost half (48.6%) were seen five or 
more times while 17.1% were seen 10 or more times.  
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Figure 3.10:   Frequency distribution of the number of times individual T. aduncus were 
identified from Focal follow trips (see Section 3.2.1) between April 2008 
and June 2010. 
 
3.3.4 Population Estimates 
3.3.4.1 Popan 
Results for the selection of open population models run in POPAN are shown in Table 3.1. 
Comparisons  were  made  between  different  time  lengths  in  addition  to  comparisons 
between  the  different  models  accounting  for  survival,  capture  probability  and 
recruitment. The model that best explained the data for monthly sampling periods had 
survival varying with time, constant probability of capture and time varying recruitment 
(phi (t) p(.) pent(t) (N=46.03, 7.32 s.e., 95% CI 38.37-71.04)). This model also had the best 
precision (CV=0.16). The models with the best precision for Bimonthly (Phi(t)p(t)pent(t)) 
and Quarterly (Phi(t)p(.)pent(t)) sampling occasions varied only in that capture probability 
was time varying for the first and remained constant for the second. Both had similar 
estimates  and  confidence  intervals.  For  Quarterly  sampling  periods  the  best  model 
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according to the AIC value was not the most precise and can be explained due to this 
model having more parameters compared to next best. 
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Table 3.1:   Model selection for marked population estimates (Ñ) of T. aduncus from POPAN.  Lowest Akaike Information Criterion 
AIC value indicates which model best explains the data and the difference in AIC scores from the best model (Δ AIC). 
The best two models from each length of sampling period are displayed. The three parameters estimated with POPAN 
are survival (phi), capture probabilities (p) and recruitment (pent). Models were adjusted to allow each parameter to 
remain constant (.) or vary with time (t). The precision of the estimates is measured by the coefficient of variation 
(CV). The number of parameters (#Para), standard errors (s.e.) and 95% confidence intervals are shown for each 
model estimate.  
 
Sampling                 
Interval  Model  AIC  ΔAIC  # Para  Ñ  s.e.  CV  95% CI 
Monthly  Phi(t)p(.)pent(t)  540.45  0.0000  10  46.03  7.32  0.16  38.37-71.04 
   Phi(.)p(t)pent(t)  540.93  0.4768  26  42.41  11.95  0.28  35.81-103.12 
                 
Bimonthly  Phi(t)p(t)pent(t)  387.66  0.0000  19  36.41  1.17  0.03  36.02-43.59 
   Phi(.)p(t)pent(t)  389.69  2.0336  18  43.05  11.31  0.26  36.77-100.36 
                 
Quarterly  Phi(.)p(t)pent(t)  295.40  0.0000  14  43.11  11.67  0.27  36.76-102.86 
   Phi(t)p(.)pent(t)  308.83  13.420  8  37.51  1.995  0.05  36.21-46.83 
                 
All data  
monthly  
Phi(.)p(t)pent(t)  883.45  0.0000  55  36.35  0.08  0.002  36.23-36.54 
Phi(t)p(t)pent(.)  886.54  3.0823  55  37.12  1.5  0.04  36.15-44.17 65 
 
The values obtained from the models only gave an estimate for the number of marked 
animals in the population. These were then adjusted to account for calves and unmarked 
individuals. Eight calves were sighted during the study in addition to the 35 DMIs. These 
were  used  to  calculate  the  proportion  of  calves  in  the  population.  However,  as  one 
newborn was not seen again it was not included in further reporting. The proportion of 
calves in the sample was calculated to be 20%.  The proportion of DMIs in the population 
was  calculated  at  61%  (Section  3.3.2),  therefore  the  unmarked  individuals  in  the 
population was 39%.  
Once adjusted, estimates of the total population using the area ranged between 74 and 
94 depending on the length of the sampling periods (Table 3.2). 
 
Table 3.2:   Population  estimates  (NTotal)  of  T.  aduncus  for  the  top  ranking  models, 
adjusted to include non-marked animals and calves. 
Sampling 
Interval 
Model   NTotal  s.e.  95% CI 
Monthly  Phi(t)p(.)pent(t)  94.32  19.69  55.74 - 132.91 
Bimonthly  Phi(t)p(t)pent(t)  74.61  10.37  54.30 - 94.93 
Quarterly  Phi(t)p(.)pent(t)  76.86  11.16  54.98 - 98.75 
All data 
monthly  Phi(.)p(t)pent(t)  74.49  10.07  54.75 - 94.22 
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3.3.3.2 Robust Design 
Table  3.3  shows  the  best  two  models  based  on  AIC  values  for  marked  population 
estimates using only Focal follow surveys and also including all trip types (All data). As 
Robust  Design  gives  estimates  for  each  primary  period  the  minimum  and  maximum 
estimates are given. AIC values indicated that the model for constant survival, constant 
levels of emigration equalling immigration and constant capture/recapture probabilities 
(phi(.)γ"= γ'(.) p=c(.)) best fit the data for Focal follow trips. When All data was included 
the  only  change  was  to  the  capture  probability  which  became  time  variable 
(phi(.)γ"=γ'(.)p=c(t)). 
The values obtained from the models only gave an estimate for the number of marked 
animals in the population. As with the POPAN estimates, these values were then adjusted 
to account for calves (20%) and unmarked individuals (39%) to attain the estimate of the 
total population using the area regularly. The best two models (according to AIC values) 
for each data type, the minimum and maximum estimates for each model, along with the 
estimates adjusted to include calves and unmarked animals were compared (Table 3.3). 
Population estimates (NTotal) for Focal follow trips ranged from 47 (21.72 s.e., 95%CI 4.97-
90.11) to 96 (97.56 s.e., 95%CI -94.63-287.79). When All trips were included, estimates 
were more precise ranging from 45 (21.06 s.e., 95%CI 3.75-86.30) to 73 (22.18 s.e., 95%CI 
29.47-116.42). 
Examination of the adjusted total population estimates (NTotal) for all bimonthly primary 
occasions using Focal trips (Figure 3.11) and All trips (Figure 3.12) respectively, revealed 
considerable variation in the standard errors and confidence intervals for each occasion. 67 
 
However, all models indicated a population size of approximately 70 bottlenose dolphins 
using the areas sampled. 
The density of animals in the area was subsequently estimated to be 0.97 animals km
-2,
 
calculated from the 75km
2 area of the study and a population of 73 animals. 68 
 
Table 3.3:   Model selection for marked (Ñ) and total (NTotal) population estimates of T. aduncus from Robust Design.  Lowest 
Akaike Information Criterion AIC value indicates which model best explains the data (bolded) and the difference in AIC 
scores from the best model (Δ AIC). The best two models using Focal surveys (Focal only) and All surveys (All data) 
(see Section 3.2.1 definitions) for Bimonthly primary occasions and monthly secondary periods are displayed. The four 
parameters estimated with Robust Design are survival (phi), capture probabilities (p), emigration (γ”) and immigration 
(γ’). Models were adjusted to allow each parameter to remain constant (.) or vary with time (t). Also shown are the 
number of parameters (# Para), standard error (s.e.) and 95% confidence intervals for each model estimate.  
Sampling  Model       AIC   ΔAIC  # Para                 phi  Ñ  s.e.  95%CI 
Focal only-  phi(.)γ"= γ'(.) p=c(.)  237.94  0.00  26  0.99  Min  23.20  8.83  14.01  53.46 
Monthly 
     
    Max  47.13  42.34  12.06  217.99 
 
phi(.)γ"(.)γ'(.)p=c(.)  239.04  1.10  27  1.00    20.52  12.56  8.86  67.40 
       
      44.96  40.49  11.56  208.75 
All data-  phi(.)γ"=γ'(.)p=c(t)  178.02  0.00  28  0.98    21.97  8.45  13.05  50.59 
Monthly 
     
      35.60  8.49  25.17  61.15 
 
phi(.)γ"=0γ'=0p=c(t)  188.24  10.22  40  0.98    20.71  7.84  12.55  47.61 
       
      35.39  8.43  25.07  60.78 
Population 
Estimate 
     
   
NTot  s.e.  95%CI 
Focal only-  phi(.)γ"= γ'(.) p=c(.) 
   
    Min  47.54  21.72  4.97  90.11 
Monthly 
     
    Max  96.58  97.56  -94.63  287.79 
 
phi(.)γ"(.)γ'(.)p=c(.) 
   
      42.06  29.82  -16.38  100.50 
       
      92.14  93.23  -90.60  274.88 
All data-  phi(.)γ"=γ'(.)p=c(t) 
   
      45.02  21.06  3.75  86.30 
Monthly 
     
      72.94  22.18  29.47  116.42 
 
phi(.)γ"=0γ'=0p=c(t) 
   
      42.44  19.65  3.92  80.95 
       
      72.52  22.02  29.36  115.69 69 
 
 
Figure 3.11:   Ntotal  population  estimates  of  T.  aduncus  from  Focal  follow  trips  (see 
Section 3.2.1) using bimonthly primary occasions calculated on the model 
of best fit phi(.)γ”=γ’(.)p=c(.) representing Random temporary emigration 
(0.94e-013) and an apparent survival of 0.99. Vertical bars display standard 
errors for each bimonthly estimate.  
 
Figure 3.12:   Ntotal population estimates  of T. aduncus from All trips using bimonthly 
primary occasions calculated from the model of best fit phi(.)γ"=γ'(.)p=c(t) 
representing  Random  temporary  emigration  (0.14e-014)  and  apparent 
survival of 0.98. Vertical bars display standard errors for each bimonthly 
estimate. 
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3.3.5 Residency 
The degree of residency was determined by the sightings from Focal follow trips, divided 
into monthly, six monthly and yearly sampling occasions to determine the number of 
captures and sighting frequencies. This eliminates any bias created when some individuals 
are seen many times over short periods. Out of a possible 23 months one animal was 
sighted in 11 months. Six animals were sighted in only one month and 43% of indentified 
animals were sighted in five or more months of the study (Figure 3.13). Relative to the 
number  of  months  surveyed  most dolphins  were  sighted  infrequently with  the  mean 
monthly sighting frequency being 0.20 (0.11 s.e.). 
When considering the half yearly sighting frequencies over half (57%) identified animals 
were seen in three or more of the six-monthly periods (mean 2.51±0.16 s.e.). However, 
only a single animal was seen in all five half yearly periods (Figure 3.14). Ten animals were 
seen in all 3 years of the study (mean 2.03±0.75 s.e.) (In this instance years are 2008, 
2009  and  2010  though  these  time  periods  are  uneven)  (Figure  3.15).  Compared  to 
monthly sighting frequencies, the six monthly and yearly sighting frequencies were high, 
with means of 0.50 (0.19 s.e.) (Figure 3.14) and 0.70 (0.25 s.e.) respectively (Figure 3.15). 
The sighting frequency of 0.50 indicated that many of the dolphins were seen in half of 
the  6  monthly  periods;  while  a  mean  sighting  frequency  of  0.70  showed  that  most 
dolphins were seen in most years of the study.  71 
 
 
Figure 3.13:   Frequency  distribution  of  the  number  of  months  distinctively  marked 
individuals (DMI) of T. aduncus were sighted out of a possible 23 months 
when  Focal  follow  trips  were  conducted  between  April  2008  and  June 
2010.   
 
Figure 3.14:   Frequency  distribution  of  six  monthly  sighting  rates  for  all  distinctively 
marked  individuals  (DMI)  of  T.  aduncus  out  of  5  possible  six  monthly 
periods when Focal follow trips (Section 3.2.1) were conducted. April 2008 
to June 2010. 
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Figure 3.15:   Frequency distribution of yearly sighting rates for all distinctively marked 
individuals (DMI) of T. aduncus out of a possible 3 yearly periods when 
Focal follow trips (Section 3.2.1) were conducted. April 2008 to June 2010. 
 
3.3.6 Lagged identification rates 
3.3.6.1 Whole study area 
The lagged identification rate was calculated for all 35 bottlenose dolphins identified in 
the study area. All trips were included in calculations of lagged identification rate (n=90). 
The shape of the graph indicated that animals were spending several days in the study 
area before leaving. The model of best fit for the data, indicated by the lowest QAIC, was 
found to be ‘Emigration, Re-immigration and Mortality’ (QAIC =12087.61) (Table 3.4). The 
fitted  model  levelled  off  above  zero  and  suggests  that  a  number  of  animals  were 
remaining in the area as residents, and additional animals were moving in and out the 
study area (Figure 3.16). This agrees with other analyses such as the discovery curve that 
suggests this population is essentially closed. Residence times in, and subsequent time 
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outside the area before returning, were estimated at 4.64 (α2) days (95%CI 2.25-42.46) 
and 6.53 (α3) days (95%CI 3.73-24.38) respectively. A second drop was seen after 100+ 
days, perhaps indicating a decrease in the number of animals within the study area. The 
estimate for mortality (α4) was negligible at less than half of a percent. 74 
 
 
 
Table 3.4:  Comparison of the possible models of lagged identification rates for movement in and out of the whole study area by 
T. aduncus based on Quasi Akaike Information Criterion (QAIC). ΔQAIC indicates the difference between the QAIC and 
minimum QAIC obtained. A ΔQAIC of less than 2 indicates there is some support for the model and these are shown in 
bold. Time lag is represented by td. 
Model  Explanation  QAIC  ΔQAIC   
    Closed  12100.6896  13.0801  No support 
1/ 1  Closed  12100.6896  13.0801  No support 
 2*exp(- 1*td)  Emigration/mortality  12094.8904  7.2809  No support 
 2+  3*exp(-  1*td)  Emigration/Re-migration  12093.5564  5.9469  No support 
(1/  1)*exp(-td/  2)  Emigration/mortality  12094.8904  7.2809  No support  
 3*exp((- 1*td)+  4*exp(- 2*td)  Emigration/re-migration/mortality  12094.2657  6.6562  No support 
(1/  1)*((1/  3)+(1/  2)*exp(-
1/  3+1/  2)*td))/(1/  3+1/  2) 
Emigration/re-migration  12089.4584  1.8489  Substantial 
support 
exp(- 4*td)/  1)*((1/  3)+(1/  2)*exp(-
(1/  3+1/  2)*td))/(1/  3+1/  2) 
Emigration/re-migration/mortality  12087.6095  0.0000  Best 75 
 
 
 
Figure 3.16:   Lagged identification rates for all DMI of T. aduncus with the expected 
lagged identification rates and with vertical lines indicating jackknifed error 
bars. The best-fit curve (blue) based on maximum likelihood, represents a 
population  with  Emigration,  Re-immigration  and  Mortality  (Exp(-
 4*td)/  1)*((1/  3)+(1/  2)*exp(-(1/  3+1/  2)*td))/(1/  3+1/  2)). 
Where,  1 = N=10.92 (2.78 s.e.),  2 = Residence time in= 4.64 (11.00 s.e.), 
 3=Residence  time  out=  6.53  (4.39  s.e.)  and   4=  Mortality=  0.0003 
(0.0002 s.e.). 
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3.3.6.2 Movement within and between sites 
Movement within and between all the sites of the study area were analysed using the 
movement model in SOCPROG 2.4 (Whitehead, 2009a).  Lagged Identification Rates (LIR) 
were  calculated  to  determine  whether  individuals  were  staying  in  the  same  area  or 
moving between any of the other sites within the study area.  Two models gave the same 
minimum AIC value and both implied that the population was fully mixed (Table 3.5), with 
animals moving between all sites of the study area.  However, there was substantial 
support for all four models as shown by ΔQAIC values of 0 to 2 and this was considered a 
strong indication that identified animals were using the entire study area. Both models 
with minimum QAIC values gave a total population estimate of approximately 29 animals 
(1/    using the study area (Figure 3.17)  
 
Table 3.5:   Comparison  of  the  possible  models  of  lagged  identification  rates  for 
movement within and between sites of the study area by T. aduncus based 
on  Quasi  Akaike  Information  Criterion  (QAIC).  ΔQAIC  indicates  the 
difference between the QAIC and minimum QAIC obtained. A ΔQAIC of less 
than 2 indicates there is some support for the model and these are shown 
in bold. 
Model  Explanation  QAIC  ΔQAIC   
 1  Fully mixed  8314.3202  0  Best 
1/  1  Fully mixed A1=N  8314.3202  0  Best 
 2*(1-exp(- 1*td))  Migration – full 
interchange 
8316.3202  2  Substantial 
support 
(1/  1)*(1-exp(-td/  2))  A1=N, Mean residence  8316.3202  2  Substantial 
support 
 77 
 
 
Figure 3.17:  Lagged  identification  rates  for  all  distinctively  marked  individuals  of  T. 
aduncus for movement within and between sites of the study area with 
the  expected  lagged  identification  rates  and  estimated  standard  errors 
(bars). The best-fit curve (blue line) represents the Fully Mixed model   1) 
fitted to the data using maximum likelihood. Where  1= 0.034 (0.002 s.e.). 
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3.3.7 Sightings 
Sightings of the 137 groups were recorded throughout the study area covering each of 
the sites as well as several in ‘Other’, considered to be just outside the study area.  The 
highest sighting rates occurred at the southern end of the study area at Benitier (mean 
0.71 sightings hr
-1, s.e. 0.20) and Morne (mean 0.87 sightings hr
-1, s.e. 0.24) (Figure 3.18). 
Black River Bay had the lowest sighting rate at 0.28 groups hr
-1 (s.e. 0.08). Despite the 
variation in sighting rates  between sites  this was not found to be significant (Kruskal 
Wallis: H=10.52, Hc=12.83, p=0.16). However, further tests found sighting rates at Point 
Moyenne to be different to both Tamarin Bay and Morne (Mann-Whitney: p<0.01; p=0.04 
respectively). 
When divided into 12 month periods, 68 groups were encountered during the first year 
(April08 to March09) compared to 52 in the second (April09 to March10).  Groups were 
recorded at each of the seven sites for both periods. Sighting rates between sites, within 
years did not vary greatly (Year1: Kruskal Wallis: H=6.33, Hc=7.30, p=0.50; Year2: H=6.93, 
Hc=9.02, p=0.44). However, there was a significant decrease in sighting rates between 
years (Kruskal Wallis: H=7.46, Hc=7.50, p<0.01) and large decreases were seen at Flic en 
Flac,  Preneuse,  Black  River,  Benitier  and  Morne  during  the  second  year  of  the  study 
(Figure 3.19). Of these, only the decreases at Black River (t=2.27, p=0.04) and Benitier (t= 
2.43, p=0.03) were significant. During the first year the highest sighting rates occurred at 
Benitier  (1.28  sightings  hr
-1,  s.e.  0.37)  and  the  lowest  at  Point  Moyenne  Bay  (0.33 
sightings hr
-1, s.e. 0.22), during the second year these changed to Other (0.78 sightings hr
-
1, s.e. 0.47) and Black River Bay (0.07 sightings hr
-1, s.e. 0.04) respectively.   79 
 
 
Figure 3.18:   Sighting rates for the number of groups of T. aduncus recorded at each site 
of the study area for the period A: April 2008 to June 2010. 
 
 
Figure 3.19:   Comparison  of  sighting  rates  for  the  number  of  groups  of  T.  aduncus 
recorded at each site of the study area for the periods April 08 to March 09 
(blue) and April 09 to March 10 (red). 
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When sites were combined into zones sighting rates were again highest at Morne (mean 
0.87 sightings hr
-1, s.e. 0.24) (Figure 3.20A). Rates at Other and Open coast areas were 
almost equal, at 0.68 (s.e. 0.27) and 0.63 (s.e. 0.11) sightings hr
-1 respectively. There was 
no  difference  in  sighting  rates  between  zones  over  the  duration  of  the  study  period 
(Kruskal Wallis: H=3.14, Hc=3.84, p=0.37). The sighting rates at Bays and Other remained 
almost  constant  between  years  (Bays:  0.42  (s.e.  0.11),  0.40  (s.e.  0.17)  sightings  hr
-1; 
Other: 0.75 (s.e.0.38), 0.78 (s.e. 0.47) sightings hr
-1) but there was an obvious decrease in 
sighting rates at Open coast and Morne zones during the second year (Figure 3.20B). 
However, only that at Open coast was significant (t=2.42, p=0.02). Overall, the between 
years  comparison  did  not  give  a  significant  result  (Kruskal  Wallis:  H=3.00,  Hc=3.00, 
p=0.08).  Within  each  yearly  period  the  sighting  rates  between  zones  were  not 
significantly  different  (Year1:  Kruskal  Wallis:  H=4.31,  Hc=4.97,  p=0.23;  Year2:  H=0.25, 
Hc=0.33, p=0.97).  
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   Figure 3.20:  Sighting rates for the number of groups of T. aduncus recorded at each 
zone of the study area. A: April 2008 to June 2010 and B: Comparison of 
Year 1 (Blue: April 2008 to March 2009) to Year 2 (Red: April 2009 to March 
2010). 
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The sighting rates for each site were compared between summer and winter seasons 
(Figure 3.21). There was no seasonal variation was observed for the duration of the study 
or within each 12 month period (Kruskal Wallis: Study duration: H=0.47, Hc=0.47, p=0.49; 
Year1:  H=0.71,  Hc=0.71,  p=0.40;  Year2:H=0.62,  Hc=0.63,  p=0.43).  When  each  site  was 
considered  separately  only  the  site  Other  had  significantly  variation  in  sighting  rate 
between summer than winter (Kruskal Wallis: H=4.35, Hc=6.68, p=0.04) using data from 
the entire study period. Sighting rates for Black River Bay during the first year of the study 
were different between seasons (Kruskal Wallis: H=4.01, Hc=4.57, p=0.05) but this was 
not the case in the following twelve months. No sites differed between seasons during 
the second year.  
 
 
Figure 3.21:  Seasonal comparison of sighting rates of T. aduncus for each site between 
summer (blue) and winter (red) for the period April 2008 to June 2010.  
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The identical tests were conducted on the zones comparing the sighting rates for winter 
and summer (Figure 3.22). No seasonal variation was observed in sighting rates for either 
year or the duration of the study (Kruskal Wallis: Year1: H=0.75, Hc=0.76, p=0.39; Year2: 
H=0.08,  Hc=0.08,  p=0.77;  Study  duration:  H=0.52,  Hc=0.53,  p=0.47),  confirming  results 
observed for sites. This was also true when each zone was considered separately, with 
the exception that sighting rates were higher in summer at zone Other (Kruskal Wallis: 
H=4.35, Hc=6.68, p=0.04). 
 
 
Figure 3.22:   Seasonal comparison of sighting rates of T. aduncus for each zone between 
summer (blue) and winter (red) for the period April 2008 to June 2010. 
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3.3.8 Area Use 
Using  the  sightings  of  107  groups  as  an  indication  of the  area use  of the  bottlenose 
dolphins,  the  95%  (home-range)  and  50%  (core-range)  utilisation  distributions  were 
calculated  with  Ranges8  (Kenward  et  al.,  2008).  Once  adjusted  for  land  overlap  the 
highest use area (50% usage) covered 20.0km
2 of the study area between Tamarin and 
Black River Bays and another sector at the point of Morne
 while the area of the 95% 
utilisation was estimated at 69.5km
2 (Figure 3.23). 
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Figure 3.23:   Distribution of group sightings for T. aduncus. Area usage is displaying 50% 
utilisation distributions in red, and 95% in orange. Pale pink indicates the 
study area out to the 100m depth contour. 
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Saturation plots suggested that at least nine fixes were required for an estimate of home 
range. The 50% utilisation distribution was calculated for 14 animals seen on nine or more 
occasions. These ranged in size from 4.8 to 21.0km
2 and had a mean size of 13.6km
2 (1.6 
s.e.). Home ranges (95% utilisation distribution) varied between 17.5 and 66.5km
2 and 
had a mean of 48.4km
2 (5.6 s.e.) (Figure 3.24A). 
Individuals 11 and 12 showed a base of movement to the northern end of the study area 
(Figure 3.24B) compared to the other 12 animals which were distributed throughout the 
central and southern sites of the study area. 
       
Figure 3.24:   Ranges of 14 individual T. aduncus seen on nine of more occasions A: 95% 
utilisation  distribution  and  B:  50%  utilisation  distribution.  Each  colour 
represents a different individual.  
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3.3.9 Additional sightings 
Bottlenose dolphins were encountered on two of the three days surveys were conducted 
in the north of the island. The same group of two individuals was sighted at Grand Bay on 
the 30 March and 1 April 2010 (Figure 3.25). No matches were found with animals from 
the study area.  
A second group of four animals was sighted at Trou aux Biches on 1 April (Figure 3.25). 
Two were new individuals while two were positively matched as the mother calf pair 
‘Finger’ and ‘Pinkie’ from the study area. 
There were no sightings of bottlenose dolphins on the 2 April. 
 
Figure 3.25:   Position of addition sightings of T. aduncus (stars) in the north in relation 
to the study area (box). Red star indicates recapture of known individuals. 
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3.4 Discussion 
3.4.1 Sightings and Estimates of abundance 
This study is the first to obtain abundance estimates for bottlenose dolphins in Mauritius. 
Results  suggest  that,  off  the  west  coast  of  the  Island  the  population  of  bottlenose 
dolphins is small and resident. Findings of this work also indicate that less than a hundred 
individuals used this area of coast during the course of the study. As this is the first 
abundance  estimate  it  is  currently  impossible  to  assess  whether  this  population  has 
changed or remained stable. Animals were found throughout the study area and were 
present year round with little or no seasonality in movement. High use of Tamarin Bay 
and Morne implies that these areas are important for this species.  
In the region, few studies have been conducted on local bottlenose dolphin abundance so 
there  is  little  for  comparison  of  similar  habitat.    In  Zanzibar,  Stensland  et  al.  (2006) 
reported a small resident population of between 136 and 179 individuals in an area of 
26km
2.  This estimate is considerably larger than that reported here for an area less than 
half the size.  Estimates of abundance for bottlenose dolphins outside the south west 
Indian Ocean are numerous and  have shown considerable variation which is suggested to 
be an affect of habitat variability.  For example, in Australia, Moller et al. (2002) reported 
populations of between 61-108 and 143-160 individuals in Jervis Bay and Port Stephens 
(NSW, Australia) respectively, while Fury and Harrison (2008) found 71 and 34 in the 
estuaries  of  Clarence  and  Richmond  Rivers  respectively.  In  more  open  environments 
populations are considerably larger with estimates of 378 animals in 20km of coastline at 
Shark Bay (Connor et al., 2000a) and between 673 and 818 individuals at Moreton Bay 89 
 
(Qld, Australia) in 350km
2 (Lukoscheck & Chilvers, 2008). Studies in Japan gave similar 
estimates of 218 at Amakusa (Shirakihara et al., 2002) and approximately 50 animals in 
Kagoshima  Bay  (Nanbu  et  al.,  2006).  Along  the  more  exposed  coast  of  South  Africa 
estimates  are  larger  still  with  population  numbers  calculated  to  be  in  the  thousands 
(Phillips, 2006; Reisinger & Karczmarski, 2010). These examples illustrate the variation in 
habitat used by this species of dolphin and the influence of those habitats on population 
size and structure. As a reef fringed island, the coastline of Mauritius contains a number 
of habitat types.     
The estimate of bottlenose dolphins using the study area was approximately 70 animals 
with a density of 0.97 animals km
-2. This density is at the lower end of estimates obtained 
from other studies such as those mentioned above, but is most likely a reflection of the 
island size and isolation. Overlap with other species, limited available habitat due to the 
size of the island, prey availability and distribution and the presence of predators, both as 
a direct threat to the dolphins but also as competition for prey, are all possible factors 
influencing the density of the bottlenose dolphin population. Spatial competition may 
results from the presence of the common bottlenose dolphin (Tursiops truncatus) also 
occurring in the area (MMCS, 2011), though this species was seen irregularly.  The daily 
occurrence of the spinner dolphins in the bays is also probably an important influencing 
factor as it results in considerable spatial competition thereby acting as another coastal 
species, if only for several hours a day.  It is probable that the movement pattern of the 
spinner dolphins is influencing that of the bottlenose dolphins as rarely would the two 
species remain together in close proximity within the bay areas (pers. obs.).   90 
 
As the study area comprised a little less than 20% of the coastline of the island. At least 
two known animals have been photographed/sighted outside the study area and were 
using almost the entire length of the west coast, an estimated 70km of coastline, it is 
plausible that these particular animals were not the only ones moving similar distances. 
Identified individuals from Algoa Bay, South Africa have been photographed as far away 
as  Plettenberg  Bay  (250km)  demonstrating  their  dispersal  capability  (Reisinger  & 
Karczmarski, 2010). It is possible that the bottlenose dolphins of Mauritius are moving 
around  the  entire  island.  In  saying  this,  recent  genetic  studies  in  Zanzibar  found 
significant differentiation between northern and southern populations (Sarnblad et al., 
2011). The southern population shows a high degree of residency (Stensland et al., 2006) 
so  even  though  these  populations  are  separated  by  only    80km  of  water,  there  is 
apparently little, if any, mixing between them.  
While  limited  access  to  resources  seems  unlikely  given  the  high  productivity  of  reef 
habitats, the low density of animals supports the idea as does the distances ranged. The 
productivity  of  the  reef  habitats  has  reportedly  been  negatively  affected  by  the  high 
human use of beach, lagoon, reef and ocean areas for development and fishing (Sobhee, 
2006; Daby, 2006a, b). It is likely then that this area can only support this density of 
animals and not greater, due to the reduction in prey availability and healthy habitat for 
the dolphins to use.  
A  number  of  steps  were  taken  to  validate  the  assumptions  required  for  obtaining 
population estimates from mark recapture data. When in the field, attempts were made 91 
 
to photograph all animals regardless of being marked or unmarked thus helping provide 
an equal opportunity for capture. As photo identification is a non-invasive technique the 
need to capture animals or disturb them unnecessarily was avoided, and negated any 
response to capture or recapture. The notches and tears on dorsal fins are considered to 
be long-lasting (Wilson et al., 1999; Gowans & Whitehead, 2001) and therefore mark loss 
was assumed to be negligible; also only those animals with marks judged to be long-
lasting  and  distinctive  were  included  in  calculations.  In  addition,  photographs  were 
graded  and  only  ‘good’  and  ‘excellent’  photographs  were  used  for  identification  and 
further analysis. To ensure consistency in identification only one person was responsible 
for grading, matching and cataloguing photographs.  
The  assumptions  of  equal  catchability  and  permanent  emigration  are  considered  the 
most likely to be violated when working with wild populations (Pollock et al., 1990; Chao 
et al., 1992). It is probable that capture probability was not homogeneous due to both 
individual behaviour (e.g. mothers with claves may be boat shy or animals being outside 
the immediate study area) and unequal sampling over the study area (Hammond, 1986; 
Hammond, 1990). The latter was likely due to being focused on a single group during 
Focal trips and other groups may have been missed. To limit this bias sampling occasions 
were defined as days which were then divided into a number of different length sampling 
periods (monthly, bimonthly and quarterly) and compared. This ensured that all animals 
in the study area were ‘captured’ and the entire study area was covered during each 
sampling period. In addition, the use of the Robust Design model allows for heterogeneity 92 
 
of capture and also for some degree of emigration and re-immigration to the population, 
which is not the case when using open models.  
The encounter rate in Mauritius was considerably higher at 0.53 groupsh
-1 than other 
records for the region and was perhaps due to differences in the focus of the respective 
studies and therefore effort related. Other islands in the south-west Indian Ocean have 
looked at species diversity and can be used to compare encounter rates. Off the west 
coast of Reunion Island Indo-Pacific bottlenose dolphins (Tursiops aduncus) had a mean 
sighting  rate  of  0.072  groupsh
-1  (Dulau-Drouot  et  al.,  2008)  and  were  recorded 
throughout the year. In the Comoros rates were lower at 0.017 groupsh
-1 (Kiszka et al., 
2010a) and around Mayotte rates were highest at 0.16 groupsh
-1 survey effort (Kiszka et 
al.,  2010b).    All  these  studies  were  considering  cetacean  diversity,  thus  monitoring a 
wider depth range, while this study was focusing on this species and the spinner dolphins 
(Stenella longirostris) with effort mainly being distributed in shallow water. Nevertheless, 
in all cases sightings occurred in shallow coastal waters with mean sighting depths of 
approximately 20m, which is comparable to that recorded here.    
Mark rates for the local population were calculated at 61% which compares favourably to 
studies elsewhere. Fury (2009) reported mark rates of 65% and 82% in two estuarine 
populations in Northern New South Wales, Australia. Bottlenose dolphins in Moreton Bay 
were well marked with 76% showing identifiable features (Lukoscheck & Chilvers, 2008) 
while those at Lookout Point, Queensland were less readily photographically identifiable 
with a calculated 57% marked (Chilvers & Corkeron, 2002). 93 
 
3.4.2 Residency and Ranges  
The calculated range of the groups of bottlenose dolphins recorded in the area covered at 
least 69km
2 of the 75km
2 study area. Results from both the sightings indices and 50% 
kernel cores indicated that Tamarin Bay and Morne were important areas for this species. 
It  has  been  hypothesized  that  movement  patterns  and  the  size  of  home  ranges  for 
cetaceans depend on a combination of habitat differences (Defran et al., 1999; Shane, 
1987), distribution and abundance of food resources (Ballance, 1992; Defran et al., 1999; 
Norris & Dohl 1980; Scott et al., 1990; Weller, 1991), predator pressure (Heithaus & Dill, 
2002) and reproductive requirements (Scott et al., 1990). Details on behaviours recorded 
in these two core areas suggested that socialising and foraging made up the majority of 
time spent in these areas (MMCS, 2010). The estimated home range was large compared 
to Fury’s (2009) results of 6.9km
2 and 16.6km
2 calculated for animals with ten or more re-
sightings  that  inhabit  two  estuaries  in  Australia.  It  has  been  suggested  that  in  more 
enclosed  habitats  such  as  estuaries  the  prey  distribution  can  be  more  predictable 
compared to coastal areas, and could be an explanation for smaller home range sizes 
(Gubbins, 2002).  
 
Estimates of range for bottlenose dolphin populations display large variation both within 
and between populations (Scott et al., 1990; Connor et al., 2000a; Gubbins, 2002). For 
instance,  along  the  Natal  coast,  South  Africa,  bottlenose  dolphins  (Tursiops  truncatus 
reclassified as Tursiops aduncus) used ‘preferred areas’ representing a mean length of 
37km of coast (Cockcroft et al., 1990). This estimate is slightly larger than the length of 
the study area in Mauritius (approximately 30km) and identified dolphins were found to 94 
 
use the entire length of the area. In Galveston, Texas a small population of inshore T. 
truncatus used an area of 100km
2 (Irwin & Wursig, 2004). In the western Indian Ocean, a 
population  in  southern  Zanzibar  used  an  area  of  3km
2  out  of  a  26km
2  study  area 
(Stensland et al., 2006).  In contrast, Chilvers and Corkeron (2001) estimated a range of 
350km
2 for T. aduncus dolphins in Morton Bay, Australia.  
High re-sighting rates with 86% of identified animals being seen more than once, and long 
term recaptures obtained from photo-identification, supported the idea that this species 
was present year round and resident both within and between years. Supporting this 
were photographs from year 2000 in which bottlenose dolphin 19 was clearly identifiable. 
The data suggested that animals were moving in and out of the study area on a regular 
basis but the majority were returning. The temporal model of lagged identification rates 
further supported this and implied that immigration and emigration were occurring. This 
movement was perhaps related to foraging or behavioural changes. Grigg & Markowitz 
(1997) suggested that food availability is the primary factor in determining site fidelity 
and movement patterns. Saying this, the results did not show any variation in distribution 
of sightings between seasons, indicating that prey was probably abundant and present 
year round, and that movement of the Mauritian bottlenose dolphins was influenced by 
other factors such as reproduction or social structure.  The longer time interval between 
sightings of known males supports this theory and is worthy of further investigation. The 
temporal  model  also  suggested  some  degree  of  mortality,  though  no  mortality  was 
recorded  during  the  study.  As  the  models  do  not  distinguish  between  death  and 95 
 
emigration, it is more likely that temporary emigration was occurring and the drop in the 
curve indicates animals leaving the area.  
The long term fidelity to this length of coast suggests that this area is indeed part of the 
home range of these animals but certainly not all of it. In addition, the plateau reached on 
the discovery curve is evidence against substantial immigration of new animals into the 
study area. On several occasions known individuals were sighted outside the study area 
which would imply that the alongshore ranging pattern of both groups and individuals 
was  larger  than  the  30km  of  coast  included  in  the  study.  It  is  important  that  future 
surveys be conducted on a larger scale, covering the areas adjacent to the current study 
area  in  order  to  ascertain  the  extent  of  individual  range  patterns.  One  attractive 
technological innovation may be to deploy GPS tracking devices. In March 2010, three 
surveys were conducted along the north-west coast of the island. Several new individuals 
were identified in the north and recaptured during subsequent trips (pers. obs.). Sightings 
were  reported  from  the  east  coast  and  photographs  confirmed  them  as  T.  aduncus. 
Further  sightings  from  around  the  northern  islands  were  also  reported  (Baxter,  pers. 
comm.) although as these were made at a distance and as both Tursiops spp are known to 
occur in the area it is uncertain which species they were. On two of the days, a well know 
individual (11) and calf, from the study area were identified and would suggest a larger 
range than anticipated as this site was approximately 30km north of the northern end of 
the study area (See Figure 3.26).  As mentioned earlier, this has further implications in 
that the overall population around the island is probably smaller than might be expected 
if animals need larger ranges to obtain the necessary resources to survive.  It is likely that 96 
 
there is similar movement of known individuals along the south coast of the island but 
due to sea conditions in this area it is difficult to obtain data. If the movement patterns of 
these dolphins extend along, on average, 60km of coast, then it is allowing them to at 
least temporarily move away from the areas of high boating and dolphin watching activity 
while  the  activity  is  concentrated  along  the  south  west  coast.  However,  there  were 
indications  that  dolphin  watching  activity  had  begun  in  areas  to  the  north,  if  this 
continues  to  grow  then  the  impacts  on  the  dolphins  could  be  compounded.  The 
bottlenose would only be able to move away from boating activity by moving along the 
more exposed south coast increasing the risk of predation and possibly decreasing fitness 
due to moving away from known feeding areas. 
Site fidelity can be affected by the quality of a site (Allen et al., 2001; Cribb et al., 2008; 
Steiner & Bossley, 2008) food resources (Grigg & Markowitz, 1997; Baird et al., 2008), 
competition and predators (Bjorge, 2001; Heithaus & Dill, 2002). The habitat within the 
ranging pattern of the bottlenose dolphins is also likely to be affected by the human 
activities along this area of coast. The area between Flic en Flac and Black River Bay is 
densely  populated  with  a  high  reliance  on  the  lagoon  and  the  open  sea  for  fishing 
activities and numerous water sports.  The high levels of anthropogenic activity in the 
area  have  caused,  and  continue  to  cause;  degradation  and  habitat  loss  to  reefs  and 
lagoons  (Ramjeawon  &  Beedassy,  2004;  Sobhee,  2006;  MMCS,  2010)  as  coastal 
development is ongoing with little environmental awareness. This is having a negative 
impact on the coastal zone and is perhaps resulting in a reduction in the amount of 
suitable habitat for different dolphin behavioural activities. Increased human population 97 
 
also  means  an  increase  in  food  requirements  and  subsequently,  competition  for  fish 
between dolphins and fishermen along with overfishing are potential problems. Should 
dolphins need to increase the distances travelled to find suitable foraging areas there 
may be a decrease in overall fitness and/or survivorship (Bejder et al., 2006).   
The bottlenose dolphins of Mauritius do not seem to be selecting habitat based on factors 
such  as  sea  surface  temperature  (SST)  or  water  clarity  but  depth  does  seem  to  be 
important.  The  majority  of  sightings  occurred  in  water  less  than  30  meters  deep 
indicating a reliance on near-shore waters that is well documented for this species (e.g. 
Cockcroft & Ross, 1990; Connor et al., 2000a; Reeves et al., 2002; Fury, 2009). Water 
clarity for bottlenose dolphin sightings ranged from 6.6 to 26m with a mean of 13m 
indicating  generally  good  visibility.  Mauritius  experiences  only  slight  variation  in  SST 
throughout the year, as such, prey distribution is more likely to be influencing habitat use 
than the physical and chemical properties of the water column.  Temperature and depth 
are  both  factors  commonly  identified  as  influencing  habitat  use  (Wilson  et  al.,  1997; 
Ingram & Rogan, 2002). In the Adelaide Dolphin Sanctuary, South Australia, this was also 
the case where the only differences were thought to be due to prey distribution and also 
group activity (Cribb et al., 2008). In contrast to this, Ross (1977) stated that bottlenose 
dolphins avoided turbid waters and further, Cockcroft and Ross (1991) suggested that 
distribution was governed by good visibility, however, what constitutes ‘poor’ visibility 
would need to be investigated further. In the coastal waters of Natal the highest clarity 
was 4.5m and lowest 2.15m and there was no relationship found between sighting rates 
and water clarity (Cockcroft et al., 1990). As these values are considerably lower than 98 
 
those reported for Mauritius it is thought to have limited influence on bottlenose dolphin 
distribution.   
3.4.3 Awareness and explanation of data limitations 
A major limitation was that the overall design of the MMCS study was not specifically for 
estimating  abundance  and  care  had  to  be  taken  to  account  for  differences  in 
photographic effort and coverage of the study area. The aims of the overall project were 
designed to assess the impacts of the dolphin watching activity on the bottlenose and 
spinner  dolphins  by  recording behavioural  data  while  with  boats  and swimmers.  This 
meant  remaining  with  a  single  group  over  the  course  of  the  morning  regardless  of 
whether other groups were in the area. As a result photographic coverage of all groups in 
the area on a day was not possible. In an effort to minimise any possible bias, population 
estimates and site fidelity calculations were taken only from Focal trips. Small group sizes 
generally meant photographing all group members was not an issue, however due to the 
high concentration of boats and swimmers it was occasionally difficult to obtain ‘good’ or 
‘excellent’ grade pictures as a result of increased obstruction, spray and more erratic 
movement by the dolphins. In addition, there was a preference for the dolphin watching 
boats to follow the spinner dolphins instead of the bottlenose. This resulted in less Focal 
trips with the bottlenose and therefore less data available for inclusion in population 
analyses.  
Differences in catchability can be from two sources (i) unequal effort in collecting the 
data or (ii) differences in behaviour (Hammond, 1986; Hammond, 1990). It was assumed 
that all individuals in the local population could occur in the area at any time; in addition 99 
 
there was no evidence that there was any particular movement by age groups or sexes 
which would influence catchability, so this was thought to be negligible. However, as boat 
trips  varied  in route  between  days  it  was  expected that  there  was  a  degree of boat 
sampling bias in the abundance estimates.  The bias in geographic distribution of surveys 
was unavoidable due to weather and sea conditions along with the focus on observing 
the dolphin watching activity and could have resulted in unequal catchability. This could 
positively bias the estimates especially if there were individuals with site preferences 
(Read et al., 2003).    
The relatively small sample size and few animals in the bottlenose dolphin population 
made the calculation of estimates from Robust Design models complex and may have 
limited the accuracy of the output. However, comparisons found little variation between 
the estimates obtained from the open population model POPAN and Robust Design. In 
addition, comparison was made with Robust Design models between only the Focal trips 
and data obtained from combined Sightings, Opportunistic and Focal trips. Results were 
again very similar and confirmed that the population of bottlenose dolphins using the 
study area was small with less than 100 individuals. 
The encounter rate for bottlenose dolphins was calculated for groups per hour in order to 
compare with other regional studies. It was thought that due to the different types of 
trips conducted throughout the study period, time was the more consistent and accurate 
measure of effort than distance. However, this limited comparison with the majority of 
other studies which used distance effort. 100 
 
It was noticed that the digital sonar was prone to heating and so gave a higher reading if 
not left in shaded areas or in the water long enough to adjust to an accurate reading.  
While all precautions were made to limit this eventuality, it may have resulted in an 
upward  bias  of  some  summer  readings  and  influenced  the  difference  seen  in  mean 
temperatures between summer and winter. 
3.5 Conclusion 
The small population estimate, along with a high degree of site fidelity and residency of 
the local bottlenose dolphins has substantial management implications due to the intense 
anthropogenic activity along this area of coast. With these results it is now possible to 
begin monitoring the population for fluctuations. However, as changes in population size 
and structure can take years to become evident, the implementation of management 
plans should not be delayed as the population is already small. It is recommended that 
mark recapture studies are continued for the local population but it is also important to 
extend the area surveyed to obtain a more accurate estimate of the spatial distribution of 
the bottlenose dolphins of Mauritius. Opportunistic data collected from sites around the 
island  can  be  used  for  multi-site  mark  recapture  analysis  (Durban  et  al.,  2005)  to 
determine the  full range  of identified individuals and the degree of overlap between 
localised  populations.  It  will  also  determine  areas  of  importance  for  these  other  sub 
populations and increase the accuracy of the total island estimates. The possible effects 
and conservation implications will be discussed in a later chapter. 101 
 
4   Population and social structure of bottlenose dolphins. 
4.1 Introduction 
Characterising  the  social  and  genetic  structure  of  a  population  can  assist  in  the 
identification  of  populations  in  need  of  conservation  and/or  management.  The  social 
structure of a population is determined by how individuals within and between groups 
associate (Manning & Dawkins, 1992). These associations are influenced by many external 
factors over both temporal and spatial scales (Lusseau et al., 2006). Whitehead (2008a) 
defined a community as a set of individuals that are behaviourally discrete from their 
neighbours  and  where  most  associations  occur  between  community  members. 
Constraints such as prey abundance and movement, predation, habitat complexity and 
isolation, population densities and kinship all play a part in how animals organise into 
different  communities  (Lusseau  et  al.,  2003;  Lusseau  et  al.,  2006;  Wiszniewski  et  al., 
2009). In addition, anthropogenic activities possibly influence social structure of particular 
populations (Allen & Moller, 1999; Bejder et al., 2006a, b; Wiszniewski et al., 2010). The 
social structure of a population can in turn influence factors such as how animals exploit 
their environment, the effects of predation or anthropogenic impacts, gene flow and the 
spread of disease (De Oliveria Santos & Rosso, 2008).   
 
Marine mammals exhibit a number of variations in social structure (De Stephanis et al., 
2008),  these  include  solitary  animals  that  come  together  occasionally  to  feed  and/or 
mate, matrilineal groups with relatively stable membership, and fission-fusion societies 102 
 
where  members  associate  in  small  groups  that  change  composition  often  (Wursig 
&Wursig, 1977).   Most species of cetacean, especially the small cetaceans, are highly 
social (Wursig, 1989; Brager, 1999).  For cetaceans, living in groups has the benefit of 
increasing  both  survival  and  the  reproductive  success  of  the  individual  (Poole,  1995; 
Gowans et al., 2008). In a group predation risk is decreased and access to food resources 
increases; in some cases the distribution of resources also promotes sociability (Wells et 
al., 1999; Connor, 2000). 
In  matrilineal  groups  such  as  those  found  in  sperm  whale  (Physeter  macrocephalus) 
populations  (Whitehead,  1996;  Lyrholm  &  Gyllensten,  1998)  and  some  killer  whale 
(Orcinus orca) populations (Bigg et al., 1990), groups are composed of females and young 
which  remain  relatively  stable  over  time  with  males  moving  away  from  the  group.  
Unusually, in a group of killer whales in British Columbia family groups stay constant with 
members leaving only briefly to reproduce with other groups before returning (Bigg et al., 
1990).  Bottlenose  whales  (Hyperoodon  ampullatus)  form  fission-fusion  societies,  with 
group membership changing regularly (Gowans et al., 2001). However, within this fluid 
structure  there  may  be  different  association  patterns  between  members.  These 
associations, along with the size and composition of the group are influenced by the sex, 
age  and  familial  relationships  of  the  individuals  and  also  their  reproductive  status 
(Cockcroft & Ross, 1990; Gibson & Mann, 2008; Urain et al., 2009). 
Groups of dolphins can vary hugely in size from solitary to several thousand (Connor, 
2002).The stability of groups varies between and within species (De Oliveria Santos & 103 
 
Rosso, 2008). All studied populations of bottlenose dolphin (T. spp) display an overall 
fission-fusion social structure where  individuals associate in small groups that change 
memberships  regularly  (Smolker  et  al.,  1992;  Connor  et  al.,  2000c).  However,  the 
associations  within  this  structure  show  considerable  variation  and  are  influenced  by 
factors such as environment, density, access to mates, isolation and sex of individuals.  
Results  indicate  that  female  associations  are  influenced  by  environmental  factors 
whereas males are influenced by access to mates (Connor et al., 2000c). In Shark Bay and 
to a lesser degree in Sarasota Bay, males form strong social bonds which last for years 
(Connor  et  al.,  2000b;  Wells  1991).  In  areas  where  population  density  is  high,  these 
alliances form to allow more successful consortships with females (Connor et al., 2000b). 
These types of male associations have not been recorded in Moray Firth, Scotland where 
density is low (Wilson, 1995; Gowans et al., 2008). Female bottlenose dolphins appear to 
have more associates with weaker bonds (Smolker et al., 1992; Connor, 2002). In Port 
Stephens, south eastern Australia, females show high site fidelity and maintain close ties 
with  other  related  females  (Moller  &  Harcourt,  2008).    Females  also  preferentially 
associated with others of the same reproductive state (Connor et al., 2000a; Moller & 
Harcourt, 2008; Wiszniewski et al., 2009).  The situation in Doubtful Sound, New Zealand 
is unique for bottlenose dolphins.  Associations appear to be strong and relatively stable 
over time regardless of sex (Lusseau et al., 2003). In addition, average group size is large 
and the population is closed. It is hypothesised that this type of structure is due to the 
combined influence of isolation and low productivity in the area so that social structure is 
driven more by cooperative foraging than reproduction (Lusseau et al., 2003).  104 
 
As with social structure and individual associations the genetic structure of a population is 
influenced  by  a  myriad  of  factors.  The  genetic  structure  of  cetaceans  is  driven  by  a 
combination  of  environmental  and  demographic  variables  (Wiszniewski  et  al.,  2010; 
Mendez et al., 2010). Spatial genetic structure of cetaceans has been shown to have a 
high level of variation with considerable dissimilarity both on oceanic and localised scales 
(Perrin, 1984; Perrin, 1991; Hoelzel, 1994; Bilgmann et al., 2007; Mendez et al., 2010). 
Considering the potential of cetaceans to move over large distances, simply looking at 
geographic or physical barriers or isolation as indicators of genetic structure and gene 
flow is not necessarily appropriate.   
Many species, including the bottlenose dolphins, are widely distributed around the globe. 
As mentioned above, the social strategies are diverse and can influence gene flow within 
and between populations (Krützen et al., 2004; De Oliveria Santos & Rosso, 2008). When 
the genetic structure of these populations are examined there is evidence to suggest that 
site  fidelity  and  habitat  conditions  have  the  potential  to  drive  evolutionary  changes, 
resulting in fine scale genetic composition (Krützen et al., 2004; Moller & Beheregaray 
2004; Parsons et al., 2006; Wiszniewski et al., 2010; Mendez et al., 2010; 2011). 
In this chapter the social structure will be characterised by examining the group sizes, 
proportions of calves, associations between identified individuals and genetic structure of 
the  bottlenose  dolphins  of  Mauritius.  This  will  provide  valuable  information  on  the 
ecology and evolution of this population. While the social structure is expected to reflect 
the general fission-fusion organisation, the genetics could give insights to the ancestry of 105 
 
the Mauritian population and whether isolation has resulted in a reduction of genetic 
diversity. Ultimately, defining the social and genetic structure of this population will assist 
in determining management units.   For conservation, a management unit is defined as a 
population that is reliant on local births and deaths rather than immigration (Allendorf & 
Luikart, 2006). These units are valuable for monitoring habitat change and population 
status and thus developing conservation plans accordingly. 
 
4.2 Methods 
4.2.1 Group size and composition  
Analysis of social structure was investigated using photo identification data collected on 
all trips that had good coverage of the groups encountered in order to have a larger 
sample  size  and  more  accurate  information.  This  included  Focal,  Sighting  and 
Opportunistic trips but no data from Biopsy trips (See Section 3.2.1 for definitions). 
The definition of a group was given in Section 3.2.4. This remained the same for group 
size  and  composition  analysis,  and  included  encounters  with  solitary  animals.  Once 
sighted an estimate was made of the group size by visual counts. Minimum and maximum 
estimates were made for accuracy and where possible exact counts were also made. For 
estimates of mean group size the mean of the minimum and maximum estimates was 
averaged for all encountered groups. 
Group  composition  was  divided  into  adults,  calves  and  newborns  with  the  following 
definitions. An adult was 2-2.5m in length and had ventral spotting; a calf was up to two 106 
 
thirds the length of an adult and in regular association with an adult. Newborns were a 
maximum of half the length of an adult and in constant, close association with an adult, 
and sometimes displaying foetal folds. Calculations for the proportion of calves in the 
population were conducted according to that described in Section 3.2.3. 
Statistical analysis was conducted using the software PAST 1.81 (Hammer et al., 2001). 
Spearmanns test was used to determine whether there was a relationship between group 
size and depth and also between group size and clarity. 
NOTE: in most cases due to small group sizes exact counts could be made (min = max 
estimate). However in some cases when boats were obstructing or larger groups were 
encountered counts could not be definite so min/max estimates were used.  
4.2.2 Associations and community divisions 
Photo-identification (photo-ID) can be used for the analysis of associations and social 
structure.  All animals within a group were considered to be associated with each other 
for  the  day.  Association  Indices  are  the  rate  of  association,  or  the  proportion  of  co-
occurrence  between  any  two  individuals.  Indices  were  calculated  using  the  compiled 
version  of  SOCPROG  2.4  (Whitehead,  2009a),  a  program  developed  to  analyse  social 
structure and organisation in animal communities. Both simple and half-weight indices 
were initially calculated for bottlenose dolphins in order to compare values. As the results 
were almost the same for the two indices the half weight indices were chosen as the 
measure  of  association  because  it  accounts  for  missed  identifications.  Half  weight 
methods are more appropriate for larger groups and, being more commonly used, made 
comparisons between studies and species possible (Whitehead, 2008).   107 
 
All analyses were set with a sampling period of one day. This ensured independence of 
data and prevented duplication of data if animals were seen more than once on the same 
day. In order to accurately estimate association indices of identified animals a total of 132 
encounters  were  selected  based  on  accuracy  of  group  estimates  and  photographic 
coverage. Restrictions were applied so that only animals which were seen on five or more 
occasions were included in the analysis, resulting in 78 encounters and 28 individuals. 
Half-weight indices were calculated for pairs of individuals seen five times or more over 
the course of the study. 
The existence of communities within the overall population was investigated using the 
cluster analysis module in SOCPROG 2.4. A community was defined as a set of individuals 
that are behaviourally discrete from neighbouring dolphins and where most associations 
occur  between  community  members  (Whitehead,  2008a).  In  addition,  the  association 
matrix created in SOCPROG was further analysed in Netdraw (Bogatti, 2002) to compare 
results for community divisions. Girvan-Newman methods testing for two to ten divisions 
within the population were used to calculate modularity. Values of 0.3 or greater would 
indicate good community division (Newman, 2004). 
4.2.3 Social affiliations; preferred and avoided companions  
To determine whether the association patterns of the observed animals differed from 
random associations, permutation tests were run on the association matrix constructed 
when calculating the association rates (Bejder et al., 1998). Tests were run with 10,000 
permutations, set to ‘groups within samples’ as this accounted for times when not all 108 
 
animals were present in each time interval. In these tests the size of the population and 
the groups were kept constant.   
In order to assess temporal changes in associations the standardised lagged association 
rates (SLAR) were calculated.  The SLAR is the average probability that if animals A and B 
are associated at time 0, that B will be identified in a random group in which A is present 
some time lag later (Whitehead, 2008a). The standardised rates were used as, due to 
large group sizes, it was possible that not all associates of an individual were recorded 
during  the  sampling  period.  In  order  to  prevent  bias  in  the  association  rates,  all 
identifiable animals were included in the temporal analysis (Baird & Whitehead, 2000). 
Each SLAR is compared to the null association rate to determine whether non random 
patterns occur over the course of the study. The null association rate indicates rates of 
association  when  random.  Standard  errors  were  calculated  for  precision  of  estimates 
using the jackknife function on the model that best fit the graph.  Model fit was assessed 
using the Quasi Akaike’s Information Criterion (QAIC) where the best fit was considered 
to be that with the lowest  QAIC value (Whitehead, 2009b). The fit of the alternative 
models was determined by calculating the difference between the QAIC of the best fit 
and  the  QAIC  values  for  each  other  model  (ΔQAIC)  (Whitehead,  2009b).  Values  of 
between 0 and 2 ΔQAIC suggest that there is substantial support for the corresponding 
models in being representative of the observed data. Models with ΔQAIC values of 10 or 
more have essentially no support (Whitehead, 2009b). 109 
 
All the results obtained with the software SOCPROG that use maximum likelihood to 
determine models that fit the data should be interpreted with caution. Social structure is 
the result of many influencing factors and as such can be very difficult to determine with 
accuracy. The models used in SOCPROG and the QAIC values they are assigned are a 
‘rough guide’ to what is occurring within a study population due to the fact that a number 
of different social structures can produce very similar patterns (Whitehead, 2008a).  
4.2.4 Genetics 
All required permits for the use of live animals and collection of biopsy samples were 
obtained  from  the  relevant  authorities  in  Mauritius  and  Australia  (AEC  Permit  No. 
W2249/09) to conduct the genetic study.  
4.2.4.1 Sample collection 
On  encountering  a  group,  the  composition  and  behaviour  of  the  group  was  first 
determined. To limit stress, sampling was only attempted on groups without calves.  In 
addition, in accordance with recommendations for biopsy sampling conditions, sampling 
was attempted when the group was considered to be milling or travelling (Kiszka et al., 
2010). All attempts at sampling a group were abandoned if the dolphins started to show 
signs of avoidance or stress.  
Attempts were made to collect specimens from bottlenose dolphins throughout the study 
area, but conditions and the presence of boats influenced this greatly.  
Skin and blubber samples were collected from free ranging bottlenose dolphins using a 
small stainless steel biopsy dart (25mm in length, 5mm diameter) fired from a crossbow 
(Buffalo River) with 70kg draw weight.  An observer recorded the number of shots, hits 110 
 
and whether a sample was obtained along with short term behavioural responses. Where 
possible, photo-identification was also attempted. All samples were stored in a sealed 
container and kept in a cool place until returned to the office where they were frozen. 
Time  of  collection,  sample  identification  number  and  GPS  coordinates  of  the  sample 
location were recorded for each sample. 
4.2.4.2 Extraction and isolation 
The molecular analysis described below was carried out in the laboratory of Dr Michael 
Krützen,  Anthropological  Institute  and  Museum,  University  of  Zurich.    However  for 
completeness, it is given here.  Briefly: 
Total  genomic  DNA  was  extracted  from  a  small  piece  of  tissue  (~2mm
3)  using 
Gentra®Puregene®  Tissue  Kit,  following  the  mouse  tail  procedure.  The  pellet  was 
resuspended in 50 µl of TE buffer (10 mM Tris; 0.1 mM EDTA, pH 8.0) and incubated at 
55°C for 2-4 h to facilitate the resuspension of DNA. DNA concentration was measured on 
an ND-1000 spectrophotometer (NanoDrop 1000, Softwear 3.3) and the concentration of 
the samples was adjusted to 20ng/μl (PCR performance optimisation by standardising the 
DNA concentration). 
4.2.4.3 Gender determination 
The sex of each individual was determined using two approaches: one amplifying the Zinc 
finger gene (described by Aasen & Medrano, 1990) using the primer-pairs P1-5EZ ⁄ P2-
3EZ. These produced a fragment with an expected size of 445bp. The other approach was 
amplification  of  the  SRY  gene  using  the  primers  Y53-3C/Y53-3D  (222bp  fragment), 111 
 
described by Fain & LeMay (1995). The PCR products were then run and sized using 
agarose gel electrophoresis. 
4.2.4.4 Mitochondrial control region (dloop) amplification and sequencing 
Primers targeting a species-specific region of the control region (CR; also called the D-
loop) were used to investigate the individual relationships.  A 477bp fragment of the 
mtDNA hypervariable Region I (HVRI) using, Dlp 1.5 (5'-TGT AAA ACG ACG GCC AGT TCA 
CCC AAA GCT GRA RTT CTA-3') and Dlp5 (5'-CCA TCG WGA TGT CTT ATT TA AGR GGA A-3') 
(Baker et al., 1993) was amplified. PCR was performed on all DNA extracts in a total 
reaction volume of 10 µl consisting of 1 x PCR buffer, 2 mM MgCl2, 0.1 mM bovine serum 
albumin,  0.2  mM  of  each  deoxynucleotide,  10  ρmole  of  each  primer,  0.15  U  of 
AmpliTaqGold polymerase and 20ng of template DNA. PCR conditions consisted of an 
initial  hot  start  at  95°C  for  3  min,  followed  by  10  cycles  of  94°C  for  3  min,  63-55°C 
(touchdown,  1°C  /cycle),  then  52°C  (20  cycles)  for  30  sec,  72°C  for  1 min.    This  was 
followed by an extension step at 72°C for 10 minutes. Reactions were run on a Veriti Thermal 
Cycler  (Applied  Biosystems).  Cycle  sequencing  was  performed  in  a  10μl  reaction 
containing  1-3ng  of  unpurified  PCR  product,  1x  sequencing  buffer  (80mM  Tris,  2mM 
MgCl2,  pH9.0),  0.4μM  forward  primer  and  0.3μl  BigDye  Terminator  v3.1  (Applied 
Biosystems). The cleaned (per sample 22.49μl ddH2O, 52.49μl EtOH, 0.02μl MgSO4) cycle 
sequencing  product  was  eluted  in  20μl  distilled  water  and  run  on  an  ABI  3730  DNA 
Sequencer (Applied Biosystems). The software Sequencing Analysis 5.2 was used to edit 
the  sequences  manually.  The  software  Bioedit  7.0.5.3  allowed  the  assignment  of  the 
individual sequences to the defined haplotypes. 112 
 
The relationships between individuals were inferred using the Neighbor-Joining method 
(Saitou  &  Nei,  1987).  A  bootstrap  test  (1000  replicates)  was  run  to  determine  the 
percentage of replicate trees in which the associated taxa clustered together in the area 
shown  next  to  the  branches  (Felsenstein,  1985).  The  evolutionary  distances  were 
computed using the Kimura 2-parameter method (Kimura, 1980) and are in the units of 
the number of base substitutions per site.  The tree was drawn to scale, with branch 
lengths  in  the  same  units  as  those  of  the  evolutionary  distances  used  to  infer  the 
phylogenetic tree. The analysis involved 7 nucleotide sequences. All positions containing 
gaps and missing data were eliminated. There were a total of 476 positions in the final 
dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011).  
4.2.4.5 Microsatellite Amplification 
For the microsatellite analysis, 27 markers shown to be highly informative for dolphins 
were  chosen  (Table  4.1).  Multiplex  combinations  were  based  on  known  PCR  product 
sizes, and the fluorescent dyes that were used for primer labelling, such that all PCR 
products from each multiplex reaction could be discerned by either size or dye colour.  
The diluted PCR products were denatured in 10μl HiDi formamid containing 0.686μl of 
the  size  standard  (GeneScan™  LIZ-500,  Applied  Biosystems).  The  length  of  the  DNA 
fragments  were  analysed  on  an  ABI  3730  DNA  Sequencer  (Applied  Biosystems)  using 
GeneMapper4.0 software. 
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Table 4.1:  The characteristics of the 27 microsatellite loci amplified in Tursiops spp. 
MP  represents  the  multiplex  polymerase  chain  reaction  (PCR)  mixture 
number. 
Primer 
Name  Repeat Motif 
Locus 
size (bp) 
No. of 
alleles 
(NA) 
MP  Reference 
E12  Tetranucleotide  255-280  3  MP1  Natter (2008) 
MK6  Dinucleotide  150-180  5  MP1  Krützen et al. (2001) 
Tur4_105  Tetranucleotide  390-400  1  MP1  Natter (2008) 
Tur4_108  Tetranucleotide  265-275  1  MP1  Natter (2008) 
Tur4_111  Tetranucleotide  290-305  2  MP1  Natter (2008) 
Tur4_117  Tetranucleotide  180-185  1  MP1  Natter (2008) 
Tur4_128  Tetranucleotide  295-310  3  MP1  Natter (2008) 
Tur4_66  Tetranucleotide  185-200  3  MP1  Natter (2008) 
Tur4_98  Tetranucleotide  190-200  2  MP1  Natter (2008) 
D22  Dinucleotide  105-125  2  MP2  Shinohara et al. (1997) 
D8  Tetranucleotide  320-345  2  MP2  Natter (2008) 
F10  Tetranucleotide  380-385  1  MP2  Natter (2008) 
Tur4_138  Tetranucleotide  205-210  1  MP2  Natter (2008) 
Tur4_141  Tetranucleotide  210-250  2  MP2  Natter (2008) 
Tur4_87  Tetranucleotide  180-205  2  MP2  Natter (2008) 
Tur4_91  Tetranucleotide  210-220  2  MP2  Natter (2008) 
Tur4_162  Tetranucleotide  405-410  1  MP3  Natter (2008) 
MK9  Dinucleotide  165-185  4  MP3  Natter (2008) 
MK5  Dinucleotide  205-225  4  MP3  Krützen et al. (2001) 
Tur4_132  Tetranucleotide  325-335  1  MP3  Natter (2001) 
KWM12  Dinucleotide  165-175  2  MP3  Hoelzel et al. (1998a) 
Tur4_80  Tetranucleotide  310-330  4  MP3  Natter (2008) 
MK3  Dinucleotide  140-170  3  MP3  Krützen et al.(2001) 
Tur4_142  Tetranucleotide  310-340  2  MP3  Natter (2008) 
Tur4_153  Tetranucleotide  210-220  1  MP3  Natter (2008) 
MK8  Dinucleotide  100-110  4  MP3  Krützen et al. (2001) 
EV 37  Dinucleotide  200-215  3  MP3  Valsecchi & Amos (1996) 
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4.2.4.6 Analysis  
Genetic variation and measures of genetic diversity within populations 
For comparative purposes, samples of Tursiops spp. were selected from 5 populations 
available from the Shark Bay, Bunbury and Pilbara regions of Western Australia, along 
with several samples from New South Wales (NSW) and Queensland (Qld) on the east 
coast of Australia. To compensate for sampling bias (small sample sizes), the average 
allelic richness (NA) was calculated using the rarefaction method implemented in HP-RARE 
(Kalinowski, 2005). The rarefaction method compensates for differences in sample size 
producing  unbiased  estimates  of  allelic  richness.  In  a  population  experiencing  a 
bottleneck, the loss of (rare) alleles is greater than the loss of heterozygosity, making the 
comparison  between  allelic  richness  estimates  a  more  biologically  meaningful  test 
(Kalinowski, 2004) than the traditional heterozygosity measures. 
Measures of genetic diversity within populations including observed (Ho) and expected 
heterozygosity (He; Nei, 1987), observed (NA) and expected numbers of alleles (NE; Kimura 
& Crow, 1964) were calculated for each population using GENALEX 6.2 (Peakall & Smouse, 
2006), as were exact tests for deviation from Hardy-Weinberg equilibrium (HWE). The 
program  Bottleneck  (Piry  et  al.  1999)  was  used  to  test  whether  either  species  had 
suffered  recent  population  bottlenecks.  Due  to  the  relatively  small  number  of  loci 
analysed, a Wilcoxon sign-rank test was estimated for the bottleneck analyses, following 
the suggestions of Piry et al. (1999).  
Results  were  generated  using  parameters  of  1000  iterations,  assuming  a  two-phase 
mutation model (TPM; 90% SMM, 10% IAM; described in Section 2.4.5), with a variance 115 
 
among multiple steps of 12, to test for excesses in heterozygosity, following approaches 
described by Piry et al. (1999) and Vernesi et al. (2003).  
Estimates of effective population size (Ne) 
The effective size of a population is a relative measure of population size and may differ 
widely from census population sizes based on observational studies (e.g. Shrimpton & 
Heath, 2003). It is correlated with the rate of change of genetic variation and the existing 
levels of genetic diversity within that population (Crow & Denniston, 1988). Estimates of 
effective  population  size  (Ne)  for  all  populations  and  sample  groups  were  based  on 
expected heterozygosity (He) levels, assuming the TPM. The genetic effective population 
size  (Ne)  was  estimated  using  linkage  disequilibrium,  implemented using  the program 
LNDE (Waples & Do, 2008). 
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4.3 Results 
4.3.1 Group size 
Groups of bottlenose dolphins encountered during the study (n=132) ranged from 1-18 in 
size (mean 5.5, mode 2), and 64% had six or fewer individuals (Figure 4.1). The average 
group size was smaller in year 2 of the study than year 1 (mean 1: 6.3, mean 2: 4.2, 
t=3.37, p<0.01) (Figure 4.2).  
There were seven records of lone animals, although these were sometimes associated 
with  the  spinner  dolphins.  Lone  animals  were  recorded  throughout  the  year  but  the 
majority (five) were during summer months.   
 
Figure 4.1:   Distribution of group sizes for 132 groups of T. aduncus between April 
2008 and June 2010.  
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Figure 4.2:   Distribution of group sizes for T. aduncus for the periods April 2008 to 
March 2009 (Blue) and April 2009 to March 2010 (Red). 
 
Box plots of the group size estimates for each month showed considerable variation, with 
median values ranging between three and eight (Figure 4.3). The monthly ranges also 
differed greatly; April had the widest range of group size from 1 to 18 individuals, while 
groups  in  September  were  more  uniform  begin  between  three  and  seven  animals. 
Monthly  group  sizes  were  pooled  across  years  and  gave  mean  monthly  group  sizes 
ranging from 3.7 (0.7 s.e.) during August to 8.0 (1.2 s.e.) in January. Overall there was no 
significant difference in the monthly means (Welch F test: F=1.38, df=43.74, p=0.21).  
There was a very weak negative, but non-significant, relationship between group size and 
depth  (Spearmann’s  r=-0.09,  p=0.53)  and  also  between  group  size  and  clarity 
(Spearmann’s r=-0.20, p=0.25).  
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Figure 4.3:   Distribution of group size estimates of T. aduncus for each month pooled 
between April 2008 and June 2010. Internal line is the median, the box 
depicts the 25-75% quartiles and extended lines show the minimum and 
maximum values. 
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There was no evidence that the bottlenose dolphin group size varied between seasons 
(Kruskal-Wallis Ho: 0.002, Hc: 0.002, p=0.965). During summer the encountered dolphin 
groups (n=71) had a mean size of 5.6 (s.e. 0.5) while winter (n= 61) was 5.5 (s.e. 0.5). This 
was also true when seasonal group size was investigated within each 12 month period. In 
the first year the mean group size during summer was 6.7 (s.e. 0.63) and 5.9 (s.e. 0.73) for 
winter (Kruskal-Wallis: Ho: 0.32, Hc: 0.33, p=0.57), while in the second year mean group 
sizes were 3.7 (s.e. 0.5) and 4.7 (s.e. 0.7) for summer and winter respectively (Kruskal-
Wallis: Ho: 0.55, Hc: 0.56, p=0.46).  
4.3.2 Group size by location 
Lone animals were seen in the central region of the study area between the two main 
bays of Tamarin and Black River, while the largest groups were found at the southern end 
of the study area at Morne (Table 4.2). The mean group sizes for each site ranged from 
3.0 (1.0 s.e.) at Point Moyenne to 8.9 (0.7 s.e.) at Morne. While the three bays had mean 
group sizes of three to five animals, they also recorded groups of up to 20 individuals. 
Tests  comparing  the  mean  group  size  between  sites  found  there  was  a  significant 
difference (Welch F test: F=5.29, df=31.65, p<0.01). Tukey pair-wise comparisons found 
Morne to have significantly larger groups than Point Moyenne Bay (p<0.01), Flic en Flac 
(p=0.02), Tamarin Bay (p<0.01) and Benitier (p<0.01).  
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Table 4.2:  Mean group size estimates for T. aduncus for each of the sites from Point 
Moyenne at the northern end of the study area to Morne in the south. 
SITE  Mean (s.e.)  n  Median  Total range 
Pt Moyenne  3.0 (1.0)  4  2  2-6 
Flic en Flac  4.6 (0.6)  14  5  2-10 
Tamarin Bay  4.2 (0.4)  31  4  1-12 
Preneuse  5.4 (1.0)  19  4  1-15 
Black River Bay  5.4 (1.1)  14  4.3  1-20 
Benitier  4.2 (0.6)  16  4  1-10 
Morne  8.9 (0.7)  26  8.5  2-20 
Other  5.3 (0.7)  9  5  2-8 
 
It appears that the groups were smaller at the northern end of the study area at Point 
Moyenne and largest at the southern extreme of the area at Morne.  The groups in the 
site ‘Other’ would generally be found either in deeper water or in the south. This became 
more apparent when the different habitats were pooled into their zones.  More than 25% 
of the groups sighted in the Morne area contained more than 12 individuals. The mean 
group size for each zone ranged from 4.4 (0.4 s.e.) in the Bay zone to 8.9 (0.7 s.e.) at 
Morne (Table 4.3). Tests comparing the mean group size between zones found there was 
a  significant  difference  (Welch  F  test:  F=10.33,  df=36.72,  p<0.01).  Tukey  pair-wise 
comparisons found Morne to have significantly larger groups than all other zones (Bays: 
p<0.01, Open coast: p<0.01 and Other: p<0.01). 
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Table 4.3:  Mean group size estimates for T. aduncus for each of the zones. 
Zone  Mean (s.e.)  n  Median  Total range 
Bays  4.4 (0.4)  49  4  1-20 
Open coast  4.8 (0.6)  49  4  1-15 
Morne  8.9 (0.7)  26  8.5  2-20 
Other  5.3 (0.7)  9  5  2-8 
 
The change in mean group size between years was also evident when considering the size 
of groups recorded at each site. During the second year of the study all sites in the centre 
of  the  study  area  (Tamarin  Bay,  Preneuse,  Black  River  Bay  and  Benitier)  showed  a 
decrease in mean group size (Table 4.4). Median group size decreased at all sites except 
Tamarin Bay, which remained the same. The only significant decrease was at Preneuse 
(t=3.43, p<0.01). The same decrease is observed in the zones (Table 4.5). At Both Bays 
and Open coast zones group size decreased in the second year of the study (Bays: t=2.07, 
p=0.05; Open coast: t=2.42, p=0.02). 
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Table 4.4:  Comparison of mean group size estimates between years for T. aduncus at 
each site. 
SITE  Mean (s.e.)  n  Median  Total range 
Pt Moyenne   Yr1 2.0 (0.0)  2  2  2-2 
                         Yr2 4.0 (2.0)  2  4  2-6 
Flic en Flac  4.9 (0.6)  7  5  2-7 
  4.3 (1.1)  7  4  2-10 
Tamarin Bay  5.1 (1.0)  10  4  2-12 
  3.6 (0.4)  14  4  1-7 
Preneuse  7.3 (1.4)  11  8  2-14 
  2.3 (0.5)  7  2  1-4 
Black River Bay  6.7 (1.8)  8  5  1-20 
  2.3 (0.7)  3  3  1-3 
Benitier  4.3 (0.7)  11  4  1-8 
  3.4 (1.7)  4  2  1-9 
Morne  9.3 (1.0)  13  9  4-20 
  8.2 (1.6)  7  8  2-14 
Other  6.7 (0.9)  3  7  5-8 
  4.7 (0.8)  6  4  3-8 
 
Table 4.5:  Comparison of mean group size estimates between years for T. aduncus at 
each of the zones.  
Zone  Mean (s.e.)  n  Median  Total range 
Bays  Yr1 5.4 (0.9)  20  4  1-20 
  Yr2 3.4 (0.4)  19  3  1-7 
Open coast  5.6 (0.6)  29  5  1-14 
  3.3 (0.6)  18  2  1-10 
Morne  9.3 (1.0)  13  9  4-20 
  8.2 (1.6)  7  8  2-14 
Other  6.7 (0.9)  3  7  5-8 
  4.7 (0.8)  6  4  3-8 
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4.3.3 Group Composition 
Of the 105 groups included in the analysis of group composition, 42 had no calves, 63 
(60%) had some calves, 11 were single mother calf pairs and seven were solitary animals.  
Eight mother-calf pairs were identified over the course of the study. Of these only three 
were newborns sighted in January 2009 then May and June of 2010. The newborn and its 
mother from January were not re-sighted and so were excluded from the calculations. All 
other animals considered calves (n=5) were at least six months old when first recorded 
and stayed close to their respective mothers. These calves remained with their mothers 
for the duration of the study.  The overall proportion of calves was calculated to be 20% 
of the population (See Section 3.2.6).  
During  the  first  year  of  the  study  48  groups  with  estimates  of  group  size  and  the 
percentage of calves were recorded. From these 33% (n=16) did not contain calves, two 
were solitary animals and two mother-calf pairs, neither of which were newborns. As 
mentioned previously, a single newborn was sighted in January 2009 at Tamarin Bay but 
subsequently not sighted again during the study period. 
For the second 12 months (April 2009 and March 2010), 43 groups were analysed and 19 
of these did not contain calves of any age (44%) and five were solitary animals. Of the 24 
groups containing some calves, nine were single mother-calf pairs. No newborns were 
recorded during this period.  
Two calves were born at the end of the study period and both were seen at the southern 
end of the study area at Morne. 124 
 
There  was  a peak  in the  proportion  of  groups  containing  calves  in  May  (winter)  and 
December  (summer)  (Figure  4.4).    These  peaks  corresponded  to  the  times  when  the 
largest groups were observed (Figure 4.3 above) and also when the newborns were seen. 
 
Figure 4.4:   Monthly  distribution  of  T.  aduncus  groups  containing  calves  as  a 
proportion of the 63 groups recorded between April 2008 and June 2010. 
 
There was almost no difference between seasons for both the number of groups and the 
groups with calves. Over the summer 61% of groups contained calves compared to 59% in 
winter. During winter there were more sightings of mother-calf pairs (7 of 11).  
The  distribution  of  sightings  between  the  sites  for  the  63  groups  with  calves  were 
analysed. Calves were seen at all sites but the majority (60%) were seen in the sites of 
Tamarin Bay, Flic en Flac and Morne. Comparison of sighting rates between sites revealed 
that Flic en Flac and Morne had the highest sightings of groups with calves in the study 
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area; 0.37 (s.e. 0.20) and 0.34 (s.e. 0.24) sightings hr
-1 respectively (Figure 4.5). When 
combined into zones most of the calves were sighted in the  Open coast areas (44%). 
However, the highest sighting rate was at Morne at 0.34 (s.e. 0.24) sightings hr
-1 (Figure 
4.6)  
 
Figure 4.5:   The sighting rates of the 63 T. aduncus groups containing calves at each 
site during the study period April 2008 to June 2010. 
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Figure 4.6:   The sighting rates of the 63 T. aduncus groups containing calves at each 
zone during the study period April 2008 to June 2010. 
 
Closer  examination  found  that  there  were  no  sightings  of  single  mother-calf  pairs  at 
Morne or Black River Bay but these pairs were recorded at all other sites. Four of the 11 
mother-calf sightings were recorded at Flic en Flac.  
4.3.4 Associations and community division 
The  median  number  of  sightings  for  identified  individuals  was  four.  According  to 
Whitehead (2008a), sightings of four or less are inaccurate, therefore only animals seen 
five or more times were included in the association analysis. Twenty eight individuals and 
132 groups met the criteria and were included in social analysis.  
Associations ranged from 0.0 representing that they were never seen together to 1.0, 
always together. Distribution for association rates for all individuals (n=784) were more 
frequent at low numbers with most dolphins showing weak or no association at all (Figure 
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4.7). Very few animals had high association rates. A mean association rate of 0.14 (0.05 
s.d.) indicated that the majority of animals had little or no regular associates. The sum of 
associations  per  individual,  indicating  the  average  number  of  other  individuals  in  the 
same group (typical group size), averaged 4.87 (1.23 s.d.) and the maximum associations 
per individual (strongest association between pairs) averaged 0.58 (0.23 s.d.). 
Only  1.53%  of  the  total  possible  associations  had  association  rates  of  0.5  or  more 
indicating that they spent more than half their observed time together. 
 
Figure 4.7:  Distribution of values of the half-weight association rates for 28 T. aduncus 
identified five or more times between April 2008 and June 2010. 128 
 
The  coefficient  of  variation  (CV)  of  the  true  association  indices  using  the  maximum 
likelihood method was 0.67, suggesting that there was good differentiation within the 
community. With a mean of 1.48 associations per dyad, the correlation between the true 
and estimated association indices was modest at 0.62, indicating that the data set had 
realistic power to detect the correct social system.  
To test for preferred and/or avoided companions the association dataset was run through 
10,000  random  permutations.  This  resulted  in  the  mean  standard  deviation  of  the 
random associations being significantly lower than the mean of the standard deviation of 
observed  data  (mean  s.d.  of  real=0.15,  random=0.15,  p<0.01)  (CV  real=1.07,  
random=1.03, p<0.01) and the null hypothesis of random associations was rejected. This 
indicated the presence of some long-term preferred associations in the population. In 
addition,  the  proportion  of  non-zero  association  indices  was  lower  in  the  real  data 
(real=0.67) than in the random (random=0.69) (p=0.02) demonstrating that some animals 
avoid each other. 
The  existence  of  community  divisions  was  investigated  with  two  methods.  Cluster 
analysis  by  modularity,  accounting  for  gregariousness  of  individuals,  delineated  four 
clusters and had a maximum value of 0.21. Maximum modularity using the permutation 
method, which clusters individuals by preferred/avoided associations, was lower at 0.01.  
Both values were lower than the suggested cut off of 0.3 which would indicate good 
community  division  (Newman,  2004;  Whitehead,  2008a).  The  average  linkage  cluster 
analysis gave a cophenetic correlation coefficient of 0.80 suggesting that the dendogram 129 
 
(Figure 4.8) produced from cluster analysis was representative of the social structure 
(Whitehead,  2009b).  In  this  diagram,  individuals  were  aggregated  into  hierarchical 
groups, depending on their average association. Initially all animals are separate; as the 
average association decreases (right to left), groups are formed and agglomerated. In the 
subset of the dolphins examined here, there was a rapid agglomeration of groups when 
the  average  association  fell  to  about  0.4  and the  four  clusters  were  separated  at  an 
association index of 0.15. Although a cursory interpretation of Figure 4.17 might suggest 
approximately four loose social ‘groups’ there was high mixing in this population. 
 
Figure 4.8:   Dendogram produced from cluster analysis of associations between 28 T. 
aduncus identified on five or more occasions. The dashed line indicates 
division of four clusters. 
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Consideration of the movement of individuals can give some indication of structure also. 
The  dendogram  suggested  individuals  11  and  12  were  separate  from  the  rest  of  the 
identified animals. Examination of their sightings revealed that their range tended to be 
more towards the northern end of the study where few if any of the other animals were 
sighted and so had little opportunity for association. 
A value of 0.8 is the minimum cophenetic correlation coefficient value thought to give an 
accurate dendogram for the data (Whitehead 2009b).  As the result was 0.80 and not 
greater, further community division tests were conducted in Netdraw (Bogatti, 2002) for 
clarification.  Girvan-Newman  methods  testing  for  two  to  10  divisions  within  the 
population all resulted in very low modularity values suggesting that all animals were part 
of  a  single  community  (Figure  4.9).  However,  individuals  11,  6  and  29  were  on  the 
periphery of the community. 
Examination of the 10 animals found in the middle of the network (Blue circle) revealed 
that 5 were females accompanied by an older calf or gave birth over the course of the 
study (10, 16, 13, 25, 27), one other was a suspected female (14), one known older male 
(15) and 3 unknown (1, 42, 38). Sexes of animals 10, 16 and 15 were confirmed by genetic 
analysis (See Section 4.3.6). 
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Figure 4.9:   Network of associations of 28 T. aduncus identified on five or more occasions. Node size indicates measure of eigenvector or 
how central to the network individuals are. Numbers represent animal catalogue ID. Of the circled nodes (blue) 5 were females 
accompanied by an older calf or gave birth over the course of the study (10, 16, 13, 25, 27), one other was a suspected female 
(14), one known older male (15) and 3 unknown (1, 42, 38). 132 
 
4.3.5 Standardised lagged association rates 
To  determine  the  stability  of  the  associations  between  the  35  bottlenose  dolphins 
standardised  lagged  associations  rates  were  calculated.    Overall,  associations  initially 
declined and then stabilised indicating that non-random associations persisted for the 
duration of the study (Figure 4.10).  The model of best fit suggested that ‘two levels of 
casual acquaintances’ best described the association patterns observed, but there was 
also  substantial  support  for  ‘constant  companions  and  casual  acquaintances’  (ΔQAIC 
0.3968) (Table 4.6). The population was probably best described by a combination of 
these two descriptions.  
When fitted to the observed data the model values indicated that 9% (2.94 s.e.) of the 35 
individuals were casual acquaintances which remained together for approximately two 
days (0.19 s.e.). Casual associations made up 5% (0.01 s.e.) of the population, staying 
together  for  longer  periods  calculated  to  be  21.13  years  (6.85  s.e.).  A  slight  decline 
towards the end of the graph implies a decay in the associations which may be due to 
emigration and/or mortality of individuals. 133 
 
 
 
Table 4.6:   Model selection for standardised lagged association rates for T. aduncus. Lowest Quasi Akaike Information Criterion 
(QAIC) value indicates which model best explains the data and the difference in QAIC scores from the best model (Δ 
QAIC). The four parameters estimated by the best model (bold QAIC) are time together for short term associations 
( 1), proportion of long term associates in the population ( 2), time together for long term associations ( 3) and the 
proportion of long term associates in the population ( 4). The time lag is represented by (td). 
Model  Explanation  QAIC  ΔQAIC   
 1  Constant companions  4583.6355  9.5510  No support 
 2*exp(- 1*td)  Casual acquaintances  4583.3498  9.2653  No support 
 2+  3*exp(- 1*td)  Constant companions + casual acquaintances  4574.4813  0.3968  Substantial support 
 3*exp(- 1*td)+  4*exp(- 2*td)  Two levels of casual acquaintances  4574.0845  0.0000  Best 134 
 
 
 
Figure 4.10:   Standardised  lagged  association  rate  for  all  (n=35)  identified  T.  aduncus 
with jackknifed estimates of precision. The plot shows the probability of 
associations persisting after increasing time lags. The null rate (blue line) 
represents the association rates if dolphins associated at random. The best-
fit curve (red line),  3*exp(- 1*td)+  4*exp(- 2*td), based on maximum 
likelihood, represents a population with two levels of casual acquaintances. 
Where  1 = 0.54 (0.19 s.e.),  2 = 1.3*10
-4 (1.7*10
-4 s.e.),  3 = 0.09 (2.94 
s.e.) and  4 = 0.05 (0.01 s.e.). 
 
When the next best-fit model   2+  3*exp(- 1*td)) was fitted to the graph, values of 5% 
and 17.4% were found for constant companions and casual acquaintances respectively. 
The acquaintances were estimated to stay together for approximately a day.  
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4.3.6 Genetics Analysis 
4.3.6.1 Descriptive statistics 
A total of seven bottlenose dolphin skin samples were collected from 3 sites within the 
study area. Four samples were obtained from the Morne area, 2 from Tamarin Bay and 1 
from Benitier. This represented a very small sample size, so conclusions from this work 
should be treated with great caution. 
The  mitochondrial  DNA  (mtDNA)  samples  were  identified  as  3  female  and  4  male 
individuals belonging to 2 haplotypes. Five animals belonged to one haplotype (3M and 
2F) and 2 to the second (1M and 1F) (Figure 4.11). 
 
Figure 4.11:  The relationships between 7 individuals of T. aduncus from Mauritius. The 
optimal  tree  with  the  sum  of  branch  length  =  0.013  is  shown.  The 
percentage  of  replicate  trees  in  which  the  associated  taxa  clustered 
together  in  the  bootstrap  test  (1000  replicates)  are  shown  next  to  the 
branches. The tree is drawn to scale, with branch lengths in the same units 
as those of the evolutionary distances used to infer the phylogenetic tree. 
The evolutionary distances were computed using the Kimura 2-parameter 
method  (Kimura,  1980)  and  are  in  the  units  of  the  number  of  base 
substitutions per site. Labels consist of the animal identification number if 
known with the sex of the animal in parentheses. 
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In the sample of bottlenose dolphins, eight (of the 27) microsatellite loci characterised as 
monomorphic, the others displayed low levels of polymorphism. The 27 microsatellite loci 
contained between 1 and 5 alleles per locus (mean: 2.30  0.23 s.e.) and heterozygosity 
(He) values ranged from 0.00 to 0.80 (mean: 0.35  0.06 s.e.; Table 4.7). One locus differed 
significantly from Hardy Weinberg equilibrium (p<0.01) at Tur4_91 (Table 4.7). 
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Table 4.7:  Measures  of  genetic  variability  for  T.  aduncus;  mean  observed  (NA)  and 
mean  expected    number  of  alleles  (NE),  mean  observed  (Ho)  and  mean 
expected  heterozygosity (He) for the 27 polymorphic microsatellite markers 
chosen for this study. The marker that was significantly different to Hardy 
Weinberg equilibrium is highlighted in grey. 
Primer Name  NA  NE
  Ho  He 
E12  3  2.80  0.71  0.69 
MK6  5  3.06  0.86  0.73 
Tur4_105  1  1.00  0.00  0.00 
Tur4_108  1  1.00  0.00  0.00 
Tur4_111  2  1.15  0.14  0.14 
Tur4_117  1  1.00  0.00  0.00 
Tur4_128  3  1.56  0.29  0.39 
Tur4_66  3  2.33  0.57  0.62 
Tur4_98  2  1.51  0.43  0.36 
D22  2  1.15  0.14  0.14 
D8  2  1.69  0.57  0.44 
F10  1  1.00  0.00  0.00 
Tur4_138  1  1.00  0.00  0.00 
Tur4_141  2  1.32  0.29  0.26 
Tur4_87  2  1.51  0.14  0.36 
Tur4_91  2  1.96  0.00  0.53 
Tur4_162  1  1.00  0.00  0.00 
MK9  4  3.13  0.67  0.74 
MK5  4  2.80  0.71  0.69 
Tur4_132  1  1.00  0.00  0.00 
KWM12  2  1.32  0.29  0.26 
Tur4_80  4  3.79  0.83  0.80 
MK3  3  2.88  0.83  0.71 
Tur4_142  2  1.39  0.33  0.30 
Tur4_153  1  1.00  0.00  0.00 
MK8  4  3.38  0.86  0.76 
EV 37  3  1.56  0.43  0.39 
Mean (s.e.)  2.30 (0.23)  1.79(0.17)  0.34(0.06)  0.35(0.06) 
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Genetic diversity within dolphins from different populations 
The Mauritian bottlenose dolphins were compared to those from several sites around 
Australia. The Mauritian population displayed lower levels of genetic variability in terms of 
heterozygosity (He). Values ranged from 0.50 in Queensland (QLD) and Bunbury (south 
Western Australia) to 0.64 in the Pilbara (north Western Australia) population with the 
Mauritian population having an expected heterozygosity of 0.35 (Table 4.8).  
 
Table 4.8:  Measures of genetic variability from mtDNA; mean observed (NA) and mean 
expected number of alleles (NE), mean observed (Ho) and mean expected 
heterozygosity (He) for 6 T. aduncus populations.  
Population  n  NA ( s.d.)  NE ( s.d.)  Ho ( s.d.)  He ( s.d.) 
Mauritius  7  2.30 1.17  1.79(0.45)  0.34(0.04)  0.35(0.06) 
Shark Bay (Tursiops 
sp.) 
26  4.632.29  2.15(1.81)  0.58(0.02)  0.61(0.04) 
Bunbury  16  3.321.38  1.57(0.96)  0.51(0.03)  0.50(0.05) 
Queensland  17  5.001.73  1.55(0.94)  0.41(0.03)  0.50(0.04) 
New South Wales  15  4.471.58  1.96(1.16)  0.44(0.03)  0.61(0.04) 
Pilbara  22  5.892.45  2.39(1.78)  0.60(0.02)  0.64(0.06) 
 
Genetic bottleneck 
The Wilcoxon tests for a bottleneck using allele frequencies of microsatellite loci showed 
no evidence of a recent population decline or colonization event. While, no significant 
heterozygosity  excess  was  found  (TPM  one  tailed,  p=0.27),  the  distribution  of  allelic 
frequencies  showed  a  departure  from  the  standard  L-shape  in  the  mode-shift  test, 
indicating a loss of rare alleles in the population (Figure 4.12).  
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Figure 4.12:   Distribution of allele classes for T. aduncus. 
 
The estimate of effective population size (Ne) based on microsatellites, was 7 (95% CI: 2-
98)  breeding  individuals  for  the  Mauritian  samples  (Table  4.9).    Only  the  Mauritian 
population showed a mode shift even though both the Queensland and New South Wales 
populations had smaller effective population size estimates from larger samples. 
 
Table 4.9:  Estimates of effective population size (Ne) and evidence of genetic 
bottlenecking in six populations of T. aduncus. n.s.  indicates a non 
significant value (P > 0.05).  
Population  Ne (95% CI)  Significance of bottleneck  Mode shift 
Mauritius  7 (2 – 98)  n.s. (0.27)  Yes 
Shark Bay (Tursiops 
sp) 
102 (44 – 6822)  n.s.  No 
Bunbury  34 (14 - ∞)  n.s.  No 
Queensland  2 (2 – 3)  n.s.  No 
New South Wales  2 (1 – 2)  n.s.  No 
Pilbara  677 (73 - ∞)  n.s.  No 
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4.4 Discussion 
The bottlenose dolphins using the south west coast of Mauritius had a mean group size of 
5.5  individuals  (mode  2,  range:  1-20).  Only  seven  records  of  solitary  animals  were 
recorded. There were no significant monthly or seasonal changes in group size; however, 
there was an overall decrease in mean group size during the second 12 months of the 
study.  Groups  recorded  at Morne  were  significantly  larger than  most other  sites.  The 
proportion of calves in the population was calculated to be 20% for bottlenose dolphins, 
although  only  3  newborns  were  recorded  during  the  study  period.  It  was  noted  that 
groups  with  newborns were  always  larger.  Sighting  rates  for  groups with  calves  were 
highest at Morne and Flic en Flac. 
Analysis of standardised lagged association rates between identified individuals found that 
the  population  of  bottlenose  dolphins  exhibited  two  levels  of  casual  acquaintances. 
Although  association  rates  were  up  to  1  indicating  that  some  animals  were  always 
together, rates were generally low with a mean of 0.14. The low overall association rate 
suggests  a  fission  fusion  society  with  group  membership  changing  regularly  but  units 
within groups staying stable for longer periods. Tests for preferred associations reflected 
this  with  some  animals  associating  at  more  than  random  levels.  Overall,  the  study 
population  was  determined  to  belong  to  a  single  community,  yet  there  were  four 
subgroups which tended to spend more time together than with others.  
The  bottlenose  dolphin  population  displayed  relatively  low  levels  of  genetic  diversity 
between the seven samples analysed. There was almost a 50/50 split between males and 
females sampled and only two haplotypes were identified with five individuals belonging 141 
 
to one haplotype. There were 70.7% polymorphic loci amongst the 27 mircosatellites with 
a mean expected heterozygosity of 32% which was lower than the other five populations 
examined. There was no significant evidence of a genetic bottleneck however there was a 
mode  shift  (variation  from  the  standard  L-shape  graph)  in  allele  frequencies.  The 
estimated effective population size was seven individuals. 
4.4.1 Social Structure 
Group size varies considerably throughout the range of the bottlenose dolphin, Tursiops 
aduncus (e.g. Moller & Harcourt, 1998; Connor et al., 2000a; Stensland & Berggren, 2007; 
Reisinger  &  Karczmarski,  2010).  It  has  been  found  that  group  size  is  predominantly 
influenced by factors such as local ecology, activity and time of day (Shane et al., 1986; 
Moller & Harcourt, 1998; Grigg & Markowitz, 1997; Moller et al., 2002). Depth also seems 
to be correlated to group size as does the presence of calves (Bearzi et al., 1997; Connor 
et al., 2000a; Moller et al., 2002), but there are exceptions. In Shark Bay, groups were 
larger in the shallow areas where the risk of shark predation was greater. It was also found 
that groups were larger when resting than foraging (Heithaus & Dill, 2002). 
The group sizes recorded for Mauritius fit well with those documented for similar habitat 
areas. Within the region the reported mean group sizes range from three in Comoros 
(Kiszka et al., 2010a) to 8.2 at Reunion (Dulau-Drouot et al., 2008). The Maldives and 
Mayotte recorded 7.7 and 6.5 as mean group sizes respectively for groups inside lagoon 
areas (Kiszka et al., 2010b; Anderson, 2005). In the waters off Zanzibar median group size 
was between eight and 13 individuals (Stensland & Berggren, 2007).  In all cases groups 
were considered coastal and found in mean water depths of approximately 20m. At study 142 
 
sites around Australia group sizes ranged between 12.3 at Jervis Bay (Moller et al., 2002) 
and 4.8 at Shark Bay (Tursiops sp. Smolker et al., 1992).  
Larger  groups  mean  greater  competition  within  the  group  for  food  resources  and 
therefore there needs to be a balance found between predation risk and food availability. 
The significantly larger group sizes found at Morne compared to the rest of the study area 
is possibly a reflection of the greater risk of predation at this site due to the open sea 
conditions.  Mean  group  size  at  Morne  was  9  individuals,  similar  to  that  recorded  for 
Reunion  Island  (Dulau-Drouot  et  al.,  2008).  Reunion  has  little  fringing  reef  and  few 
protected bay areas with depth increasing rapidly near the shore (Dulau-Drouot et al., 
2008), exposing  animals  to more open  conditions  and  perhaps  greater  predation  risk. 
Further investigation of the conditions at Morne could assist in clarifying whether there is 
any relationship between group size and either depth and/or the water clarity of this site. 
It would be expected that, as there is no river emptying into the area, clarity should be 
good, however, the combination of wave action, wind and large swell in the area could be 
causing currents to stir up substrate and create cloudy water.  In addition, there is a site in 
this area known by divers to be good for shark sightings (pers. comm.).  Alternatively, 
group size of bottlenose dolphins has been observed to change with the activity of the 
group (Moller et al., 2002). A brief examination of the behaviour of groups sighted at 
Morne found that travelling and socialising occurred frequently in this area (MMCS, 2010) 
and possibly accounts for the larger groups but this would need to be investigated in more 
detail.   143 
 
While only a limited number of observations were made of groups with newborns these 
groups were generally larger than average, containing a minimum of eight individuals. 
Group size has been reported to increase with the presence of calves (Wells et al., 1987; 
Weller, 1991; Bearzi et al., 1997; Vermeulen & Cammareri, 2009) and is thought to assist 
with  protection,  increase  learning  and  also  reduce  the  effort  required  by  the  mother 
(Norris & Dohl, 1980; Cockcroft & Ross, 1990; Mann et al., 2000).  The relatively large 
number of sightings of lone mother-calf pairs seems to contradict this. In addition, the 
calves in these pairs were estimated, in all cases, to be more than one year old.  
Group size can be influenced by the presence of predators and/or competing species of 
cetacean as well as the type and distribution of prey that bottlenose dolphin groups feed 
on (Grigg & Markowitz, 1997). In two areas of Japan where large group sizes of between 
30 and 100 individuals were reported, the dolphins are thought to feed on species of 
schooling fish (Shirakihara et al., 2002; Nanbu et al., 2006). This is similar to reports from 
Plettenberg Bay, South Africa where average group size is 140 animals and could be the 
combined  result  of  prey  type  and  habitat,  as  observations  indicated  that  there  was 
‘cooperative herding’ of fish in open water (Tayler & Saayman, 1972; Saayman & Tayler, 
1973). It is likely that the small groups of bottlenose dolphins of Mauritius closely reflect 
those found off Zanzibar due to similarities of population size and habitat. The diet of the 
dolphins in Zanzibar was very varied with reef, near shore and sandy substrate fish species 
comprising the majority of the diet along with squid species (Amir et al., 2005b). Other 
studies have reported coastal communities feeding on shoaling fish species (Wells et al., 
1980) and that cooperative feeding assists in individual fitness. The diet of the dolphins in 144 
 
Mauritius  has  not  been  investigated  but  there  were  observations  of  widely  spread 
individuals chasing prey and digging in sandy bottom lagoon areas (pers. obs.). There were 
also records of foraging behaviour along the reef. These observations suggest a varied diet 
on widely distributed prey as was described by Amir et al. (2005b), and therefore large 
groups would not be beneficial to foraging success. However, as there have been limited 
observations of feeding behaviour, and some shoaling fish are found in the area, it is 
possible  that  during  these  periods  larger  groups  form  to  take  advantage  of  this  prey 
resource. As there were no other species of coastal cetacean recorded foraging in the 
area, competing species are not thought to be a factor in determining the observed group 
sizes. 
There was a decrease in mean group size during the second 12 months (April 2009 to 
March 2010) of the study. As there was no decrease in abundance observed in Mauritius it 
implies that groups were fragmenting instead of moving away. When Allen and Moller 
(1999) investigated group size differences between Jervis Bay and Port Stephens they 
observed  that  groups  in  Port  Stephens  reacted  to  repeated  contact  with  boats  with 
changes in rates of fission-fusion and a reduction in group size. A reduction in ‘normal’ 
group size can lead to fragmentation of groups and changes in the social dynamics of a 
population (Allen, 2005). The disruption to social structure can potentially have a knock on 
effect  ultimately  resulting  in  increased  risk  of  predation,  overall  decreased  fitness,  or 
animals leaving the area (Allen, 2005; Bejder et al., 2006).  If the observed reduction in 
group size is due to the dolphin watching then urgent action is required as both Port 
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Mauritius. As the population is small the possible impacts may be greater and occurring 
faster.  This has considerable implications for the survival of the local population.   
Only three newborn calves were seen over the course of the study in January 2009, May 
and June 2010. The proportion of calves in the populations was estimated to be 20%. The 
only estimate in the region for comparison is 19-24% in Zanzibar (Stensland & Berggren, 
2007). Seasonality in calving has been reported for bottlenose dolphins previously and 
seems  to  depend  on  factors  such  as  food  availability,  predator  density  and  sea 
temperature (Mann et al., 2000). With the limited data regarding calves it was difficult to 
draw any conclusions as to peak birthing times. Within the region, Amir (2010) reported 
that bottlenose dolphins in Zanzibar calved throughout the year but there was a peak 
between November and March. In Mauritius, SST was not thought to be a major factor 
due to having relatively high temperatures all year (MMS, 2009). Other factors such as 
food availability or the type of prey available might be more influential, though without 
details on diet this is difficult to assess. Cockcroft & Ross (1990) reported that pregnant 
and  lactating  females  required  prey  species  high  in  protein  and  water,  due  to  the 
increased energetic output of lactating and maternal care. It would therefore follow that 
breeding  would  be  timed  for  when  prey  species  fulfilling  these  requirements  were 
abundant.  
Fish  species  such  as  mullet  (Mugiliae)  and  flying  fish  (Hirundichthys  speculiger)  were 
observed throughout the year in Mauritius however many coastal fish species have been 
reported to fluctuate with seasonal changes in rainfall and water temperature (Sato et al., 146 
 
2008).  Sato  and  colleagues  (2008)  found  that,  during  the  rainy  season  (summer),  the 
number of juvenile and larval forms of the dominant fish species increased, and species 
diversity increased at the beginning of the rainy season. If the bottlenose dolphins are 
using some of these species then it is possible that with continuation of the research a 
pattern would emerge for breeding. Details of diet composition and food habits would 
assist in determining the importance of various species and their influence or importance 
to the reproduction of the dolphins. It would also assist in understanding the distribution 
and abundance of the bottlenose dolphins in the area.  
Many  bottlenose  dolphin  calves  die  during  their  first  year  with  records  for  first  year 
mortality varying from 13.3% (Kogi et al., 2004) up to 44% (Mann et al., 2000; Mann & 
Watson-Capp, 2005) especially in areas with pollution, high boat traffic, fishing activities 
causing  entanglement  or  high  risk  of  predation  (Steiner  &  Bossley,  2008).  All  these 
situations occur within the study area and are possible causes for calf mortality. The first 
newborn  calf  was  recorded  in  January  2009  and  subsequently  not  re-sighted  after 
February of the same year. While it is possible that the calf and mother are both still alive 
elsewhere, there are a number of reasons to suspect mortality. Adult bottlenose dolphins 
have  been  observed  with  entanglement  scars  and  a  number  of  them  have  scarring 
believed to be from shark attacks (Figure 4.13) so it is probable that calves are taken (pers. 
obs.).  The  survival  of  calves  depends  on  factors  such  as  maternal  experience  and 
condition, and calf condition combined with foraging success and ecological conditions 
(Mann & Watson-Capp, 2005). When populations are subjected to disturbance levels that 
are high and long-term, the possible result could be a reduction in reproductive success 147 
 
for  the  population  as  a  whole  (Bejder,  2005;  Lusseau,  2003;  Lusseau  et  al.,  2006; 
Christiansen et al., 2010). Stensland and Berggren (2007) found that females travelled 
more when boats were present. If calves mainly nurse during resting periods then the 
reduction  in  rest  time,  due  to  high  levels  of  disturbance  by  boating  or  other  human 
activities; could lead to a corresponding decrease in nursing time and calf survival could be 
adversely affected. As females generally have smaller ranges than males (Bearzi et al., 
1997) and a tendency to remain in natal areas (Connor et al., 2000a; Connor, 2002) they 
are likely to be more affected by the dolphin watching activity than the males and, as a 
consequence, the next generation could be jeopardized.   
 
 
Figure 4.13:   A: T16 (Hook) with a crescent shape scar on the peduncle believed to be 
from a shark bite. B: T12 (Kersley) with a healing wound of unknown origin 
behind the head and C: T46 (Ewa) with a similar fresh wound. 
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As mentioned previously predation is thought to influence group size and composition, 
sociality, and also habitat use (Heithaus, 2001; Whitehead, 2003). Several species of shark 
and cetacean are reported to prey on dolphins (Corkeron et al., 1987; Cockcroft et al., 
1989; Heithaus, 2001).  Some of these species were recorded in the waters of Mauritius 
(MMCS, 2011). Species such as killer whales (Orcinus orca), false killer whales (Pseudorca 
crassidens) and pilot whales (Globicephala macrorhynchus) as well as larger sharks like 
oceanic white tips (Carcharhinus longimanus), tiger (Galeocerdo curier) and bull sharks 
(Carcharhinus leucas) are not only able to prey on dolphins but can also be competition 
for  fish  species  (Heithaus,  2001).    The  number  of  lone  mother-calf  pairs  and  solitary 
animals  observed  seems  to  suggest  that  there  is  little  cause  for  concern  regarding 
predation.  However,  most  of  these  sightings  occurred  when  the  solitary  bottlenose 
dolphin was in association with a group of spinner dolphins and, there were no sightings 
of this type at Morne. Without detailed information on the distribution and abundance of 
the shark species in the area it is difficult to assess the influence on this population and 
group size formation.  
Reports  on  the  contamination  of  water  and  sediment  in  Mauritius  by  the  inflow  of 
untreated sewage and industrial runoff found correspondingly high levels of accumulation 
in  tissues  of  marine  biota  (Daby,  2006b).  The  investigation  found  complex  chemical 
compounds,  heavy  metals  and  dyestuff  were  some  of  the  components  from  industry 
being discharged into the coastal environment (Daby, 2006b). Some of these elements, 
along with chemicals such as organochlorides, are potentially toxic to marine organisms 
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because they store the chemicals in their blubber, (such as DDT, PCBs and Dioxin) and 
have a limited capacity to metabolise these substances (De Kock  et al., 1994). As top 
predators this poses significant risks to the local bottlenose dolphin population, especially 
the calves as they receive a concentrated load from their mothers and are often the most 
vulnerable to the effects of chemicals (Cockcroft et al., 1989; Reddy et al., 2001). High 
concentrations  of  heavy  metals  and  other  pollutants  (e.g.  persistent  organochlorine 
compounds, pesticides, persistent organic pollutants) are thought to cause problems with 
organ  function,  reduction  in  reproduction  success  and  increase  the  risk  of  disease  by 
decreasing the efficiency of the immune system (Kannan et al., 2000; Schwacke et al., 
2002; Das et al., 2003; Camara Pellisso et al., 2008). Daby (2006b) states that heavy metal 
contamination around Mauritius is a real issue  which requires close monitoring. Since 
Daby’s study (2006b), a number of improvements have been made to regulations and 
runoff management (Daby, 2006b) but no repeat of the study has been conducted to 
determine whether contaminants in the coastal environment have reduced. As two of 
these hotspots are within the study area at Point Moyenne and Morne, the monitoring of 
the  bottlenose  dolphin  population  is  essential.    Monitoring  should  focus  on  the 
observation of females and calves for survival rates and any indications of illness in the 
population.     
Lehmann and Boesch (2004) stated that, “In populations with long-lived animals in which 
social  organisation  is  based  on  individual  recognition,  maintaining  optimal  group  size 
might be difficult.  When  optimal  group  size  varies  largely  over  short periods  of  time, 
individuals could benefit from fission-fusion social organisation, in which members of a 150 
 
stable  community  form  frequently  changing  subgroups.’  The  variation  in  group  size 
observed for the bottlenose dolphins in Mauritius suggests that the fission-fusion social 
organisation is occurring in this population. This agrees with most other social structure 
studies  on  bottlenose  dolphin  populations  where  individuals  have  a  large  number  of 
associates and group membership changes regularly (Urian et al., 2009). But, the test for 
preferred associations indicated that within groups were relatively stable core subgroups. 
Furthermore, the  mean  association  rate  of  0.14  agrees  with  other  bottlenose dolphin 
studies which have been described as fission-fusion and had an average half weight index 
(HWI)  that  ranged  between  0.1  and  0.2  (Smolker  et  al.,  1992;  Connor  et  al.,  2000a; 
Chilvers & Corkeron, 2002).  
Standardised  lagged  association  rates  found  the  model  for  ‘two  levels  of  casual 
acquaintances’ to be the best fit. This model indicated that there were subgroups staying 
together almost permanently, moving in and out of groups on the short time scale and 
possibly transferring between subgroups on the longer time scale. There was considerable 
support for the model of ‘constant companions and casual acquaintances’, suggesting that 
with further data and more regular observations this might be more representative of the 
population. This second model also supports the theory that there are constant units 
within  the  population.  If  this  is  correct,  then  the  disruption  of  social  bonds  that  the 
population might be experiencing from fragmentation and a reduction in group size is of 
considerable concern. Lusseau and Newman (2004) reported that short term changes in 
fission-fusion rates and behaviour were observed in response to dolphin watching activity, 
similar to that seen by Allen and Moller (1999) and Allen (2005).  This disruption and 151 
 
fragmentation of groups can result in suboptimal group sizes which can in turn affect the 
associations between individuals and ultimately influence the fitness of individuals and 
groups due to stress responses (Travis, 2008).  In addition, reduction on group size can 
increase the risk of predation.  
The relatively stable subgroups indicated by the standardised lagged association rates may 
be sex based groups. In Shark Bay, the males tend to form stable long term alliances with 
few individuals in order to increase chances of successfully mating (Smolker et al., 1992; 
Mann,  2000;  Connor  et  al.,  2000b).  In  contrast,  relationships  between  females  are 
oriented towards access to prey and the protection of calves and so are highly variable 
with some being highly social or solitary animals (Mann, 2000; Connor et al., 2000a, b). As 
only  a  few  of  the  identified  animals  are  of  known  gender  it  is  difficult  to  assess  the 
associations either within or between sexes, or the influence differences in behaviour are 
having on associations. However, from the network diagram it appears that females are 
central to relationships, having a large network of associates while males are more on the 
periphery.  From  field  observations  there  were  indications  that  there  were  strong 
male/male  associations.  Individuals  2  and  4  and  also  35  and  36  had  high  association 
indices  and  are  thought  to  be  males  due  to  observed  behaviour.  Continuation  of 
observations and genetic work for confirmation of sex for these individuals is needed to 
clarify this. 
Numerous long-term studies around Australia have revealed that associates of females 
tend to be members of the same family groups or other females of similar reproductive 
state (Mann et al., 2000; Smolker et al., 1992; Moller & Harcourt, 2008; Wiszenewski et 152 
 
al., 2009). Without the benefit of a long history for individuals, relatedness of animals 
within groups is yet to be determined, however, with the small size of the population it is 
expected that there is a high degree of relatedness among members. Further genetic 
studies would need to be conducted on a larger scale to consider this in detail. It has been 
reported that females with newborn calves stayed together for assistance in rearing and 
protection as they are more at risk of predation (Corkeron  et al., 1987). In Mauritius, 
identified animals with calves of a similar age were frequently seen together however, 
some mother-calf pairs were regularly seen alone. This to some degree supports other 
studies  that  have  described  assortative  mixing  by  age  due  to  changes  in  resource 
requirements with age and also to avoid mating with relatives (Cockcroft & Ross, 1990; 
Wells,  1991;  Connor  et  al.,  2000a;  Lusseau  &  Newman,  2004;  Honer  et  al.,  2007). 
Determining the sex ratio for the population would be beneficial in clarifying the social 
structure especially as the population is small.  
Examination of the values indicating community division suggested that the bottlenose 
dolphins in this area belong to a single community however; the value was very close to 
the  recommended  cut-off  (Newman,  2004).  It  is  probable  that  with  more  data  any 
divisions, or lack of, will become apparent. It is possible that due to the limited number of 
encounters with the bottlenose dolphins, associations have been under estimated but, 
with a more concentrated effort, any patterns and stronger associations should become 
clearer.  It  would  also  help  to  determine  whether  the  animals  on  the  periphery,  as 
indicated by the network analysis, belong to a separate community based further north. 
For  example,  animal  11  that  was  seen  at  the  northern  end  of  study  area  and 153 
 
photographed in the north with other unknown animals. Further knowledge of individual 
ranges  and  the  degree  of  overlap  would  greatly  increase  the  understanding  of  the 
associations in this population, especially if the gender of individuals is known, as these 
factors are known to influence association patterns and community membership (Krützen, 
2002). Comparisons with adjacent populations would be interesting to determine if there 
is mixing and also local adaptation to different habitat. 
4.4.2 Genetics 
A total of seven mitochondrial DNA (mtDNA) bottlenose dolphin samples were collected, 
representing a very small sample size, so conclusions from this work should be treated 
with  great  caution.  The  Mauritian bottlenose dolphins  appear  to  exhibit  low  levels  of 
genetic diversity. Only two mtDNA haplotypes were identified in the sampled dolphins 
and expected heterozygosity, which are less sensitive to sample size, gave values that 
were at least 15% less in Mauritius than any of the Australian populations examined. A 
recent study in Zanzibar identified nine haplotypes, with three of these being unique to 
specific  areas  of the  island  (Sarnblad  et  al.,  2011).  The  differences  observed between 
populations maybe a result of small number of samples from Mauritius though it suggests 
that  the  animals  are  related  and  that  some  degree  of  inbreeding  has  occurred.  
Additionally, evidence suggests that the population is small, isolated and possibly showing 
signatures of a genetic bottleneck (when corrected for sampling effects).  
Oceanographic features can affect the distribution and dispersal of populations indirectly 
through the distribution and abundance of their prey (Hastie  et al., 2004). Population 
boundaries  have  been  seen  to  follow  changes  in  salinity,  sea  surface,  temperature, 154 
 
currents and productivity (Natoli et al., 2005; Bilgmann et al., 2007; Wiszniewski et al., 
2010). These factors cannot be discounted as influencing the genetic structure of the 
population of Mauritius but there is currently very limited information to draw from.  
To  get  a  better  idea  of  an  evolutionary  connection  for  the  Mauritian  population 
comparisons  are  needed  to  those  populations  found  along  the  East  coast  of  Africa, 
Madagascar and other islands in the south west Indian Ocean, as it is more likely that the 
animals originally come from this stock. Sarnblad et al. (2011) found that the populations 
at Zanzibar, along with others from with the western Indian Ocean, were closely related to 
those from South Africa suggesting a common history. As these regions are extensively 
connected by coastline, dispersal for this coastal species would be undemanding. Glacial 
events have been implicated in the speciation of many closely related delphinid species 
(Rosel et al., 1994). These kinds of events, as well as many other factors such as local 
habitat adaptations and historical changes in environmental conditions and/or resource 
requirements, have been implicated in the divergence of Tursiops spp (Ross & Cockcroft, 
1990; Hoelzel, 1994; Natoli et al., 2004). A high level of differentiation between regional 
populations, suggests that this genus is prone to genetic isolation and differing patterns of 
genetic drift (Natoli et al., 2004). 
The  changes  in  sea  levels  associated  with  the  last  glacial  period  are  likely  to  have 
influenced  the  genetic  structure  of  the  Mauritian  population. Mauritius  is  part  of the 
Mascarene submarine ridge which extends from the Seychelles to Reunion Island (Fisher 
et al., 1967). Waters along the plateau are shallow with an estimated maximum depth of 
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thought to have been approximately 130m lower than currently. This would have meant 
that extensive areas of now submerged island chains would have been exposed, creating 
widespread shallow water connections. These connections would have provided a means 
for many species to extend their habitat from the coast of East Africa and Madagascar 
throughout  the  islands  of  the  Comoros  and  Seychelles,  and  down  to  Mauritius  and 
Reunion Island (Turner et al., 2000; Van Heygen, 2003; Spencer et al., 2005). It is possible 
that bottlenose dolphins used these shallow waters in a similar way. Subsequent warming 
and increase in sea levels would then have cut these animals off due to their ‘reluctance’, 
to travel through deeper water. This isolation has possibly resulted in increased levels of 
inbreeding and a reduction in genetic diversity due to a finite number of individuals, and a 
lack of gene flow from neighbouring islands.  
Low levels of genetic diversity seen in the population and the mode shift are cause for 
concern. The small sample size needs to be considered carefully in the context of these 
findings but suggests an urgent need to extend the study area and do more sampling to 
obtain a clearer idea of the genetic status of the population. The very limited overlap as 
seen from a lack of new animals entering the study area suggests that there could be local 
genetic  differentiation  between  small  localised  populations.  However,  more  extensive 
biopsy sampling would need to be conducted to evaluate this. In Zanzibar, there was 
significant differentiation between the populations off northern and southern Zanzibar. 
This was supported by a restricted range that prevented much exchange of females even 
though  there  was  no  obvious  geographic  boundary  and  relatively  small  distance 
separating the populations (Sarnblad et al., 2011). In Mauritius, there is little to prevent 156 
 
the movement of animals around the entire coastline given its small circumference, and 
although there were sparse data from the north, the very limited crossover suggests that 
there could be local differentiation. Several studies have found that even though there are 
no  physical  borders  or  natural  obstructions  there  is  still  differentiation  between 
subpopulations (Krützen et al., 2004; Oremus et al., 2007; Bilgmann et al., 2007; Tezanos-
Pinto et al., 2009); presumably socially and/or habitat mediated. For example, foraging 
specialisation like that documented for the bottlenose dolphin (Tursiops spp.) populations 
around Shark Bay, are linked to changes in habitat (Tyne et al., 2012). These types of 
specialisation and site fidelity have implications for dispersal systems and subsequently 
can affect the genetic structure of populations, as individuals tend to stay in natal groups 
(Krützen et al., 2004; Urian et al., 2009). Environmental conditions such as SST, turbidity 
and chlorophyll concentrations have all been suggested as influencing genetic patterns 
(Fullard  et  al.,  2000). More  recent  work  by Mendez et  al.  (2010;  2011)  suggests that 
distinct environmental conditions can lead to genetic isolation of populations within that 
area. As such details of oceanographic conditions around Mauritius should be considered 
when investigating genetic structure of the whole population. 
In  Mauritius,  high  site  fidelity  and  differences  between  the  resighting  frequencies  of 
individuals suggest there is a sex-biased pattern of dispersal. These factors along with the 
social  structure  of  the  population  (Stortz,  1999)  and  minor  changes  in 
habitat/environmental conditions (Mendez et al., 2011) are likely to be influencing the 
genetic structure. Continuation of the genetic work along with environmental details and 
behavioural and social observation is needed. 157 
 
4.4.4 Awareness and explanation of data limitations  
It is possible that the observed reduction in group size between the two years is the result 
of a natural fluctuation in the population structure. However, without comparative data to 
verify against, a precautionary approach should be taken in interpreting the change and 
the population should continue to be monitored.  
The focus of the overall project impacted on the ability to accurately assess the structure 
of population. Social structure based on photo identification and field observations is to 
some degree a reflection of effort. When using photo ID for social structure analysis there 
are two main errors that can cause bias when calculating association rates. These are (i) 
missed identifications during the within group sampling and (ii) missed groups within the 
population (Chilvers & Corkeron, 2002). Both these errors result in a negative bias of 
associations.  As  the  bottlenose  dolphin  groups  were  small,  missed  animals  were  not 
thought  to  be  a  problem.  The  large  number  of  photographs  taken  should  however 
account for this in some way so that at least one good quality photograph was included 
for each animal in a group. Restricting the quality of the photos might also have resulted 
in the exclusion of animals that were present and so influence associations but again, with 
extensive  photographic  effort  this  is  thought  to  have  been  limited.  With  further 
investigation  focusing  on  the  bottlenose  dolphin  social  structure  using  more  regular 
surveys and set transect methods, the associations and relationship between individuals 
should  become  clearer.  Especially  if  determining  the  gender  of  identifiable  animals  is 
included, as much information regarding associations between the genders and amongst 
animals of the same sex is lacking.  158 
 
While  association  rates  are  calculated from  a restricted number of  individuals,  lagged 
association rates are not (Whitehead, 2008a; Whitehead, 2009b). For some analyses there 
is no measure of accuracy thereby allowing animals with few observations to influence the 
output and possibly result in a misleading model. Precision of association rates decreases 
inversely  as  the  square  root  of  the  number  of  observations  (Whitehead,  2008a).  As 
Whitehead  (2008a)  describes  the  minimum  of four or  fewer  samples as  always  being 
inaccurate, five was selected so as to include as many animals as possible due to the small 
number  of possible  usable  animals.  In  general,  social  analysis  requires  relatively  large 
amounts of data (Whitehead, 2008b), the small number of  re-sightings for individuals 
included  in  the  analysis  may  also  have  caused  inaccuracies  with  the  modelling.  By 
increasing the number of observations included in the analysis, through continuation of 
association research, these inaccuracies can be reduced and a more robust picture of 
social structure obtained. 
As cetaceans have the potential to move large distances and be part of large populations, 
considering the temporal scale of associations is a vital element of social structure. For the 
temporal analysis individuals are ranked so those with less data are given less weight and 
would therefore have a correspondingly smaller impact, making it possible to include all 
identified individuals (Whitehead, 2008a). Deciding what temporal scale restriction to use 
can be difficult as very short sampling periods may give too much data over long time 
periods, while too long a period will miss details and so it is perhaps preferable to test a 
number  of  restrictions  for  the  most  accurate  output  (Whitehead,  2008b).  For  our 
purposes, one day was chosen as it was the natural break between sampling; however, 159 
 
pooling the data into 5 or 10 day periods might change the results given here. As the 
sample size was already small and the changes in group membership frequent, it was 
decided  that  the  day  sampling  period  would  be  most  representative  of  temporal 
movement. Temporal analysis can also be conducted to determine whether the sexes are 
moving in and out of the area on different time scales and so help assess habitat or site 
importance for each once sexes are established. 
Methods for the detection of population bottlenecks generally require a minimum of 10 
samples (Piry et al., 1999). Only 7 samples were included for this analysis so results should 
be interpreted with caution. This procedure should be repeated once more samples are 
obtained. 
4.5 Conclusion 
While there is a lot of work still to do regarding the social structure of the bottlenose 
dolphin  in  Mauritius,  especially  regarding  gene  flow,  the  results  presented  here  are 
important  for  the  immediate  conservation  and  management  of  this  species.  When 
assessing the impacts of the dolphin tourism, bycatch and other anthropogenic threats 
this population should be treated as endemic to the island especially as the population has 
been shown to be small and resident. Genetic analysis should be considered preliminary 
due to the small sample size and the area sampled. Further investigation with samples 
that were not available for this study both locally and at a regional level would greatly add 
to the knowledge of the processes occurring.  160 
 
5   Population size, density and temporal and spatial 
distribution of spinner dolphins. 
 
5.1 Introduction 
Management of coastal cetacean species, or species which are reliant on access to areas 
of coast, is increasingly important with so much development in coastal areas. Increases in 
human population often lead to increased pollution and human activities in areas used by 
cetaceans.    In  order  to  create  management plans  in  these areas basic  data  regarding 
population size and movement patterns are required.  
The spinner dolphin (Stenella longirostris), while not as extensively studied as Tursiops 
spp, has been the subject of research into population structure and behavioural studies in 
several places. Hawaii, French Polynesia, Brazil and Egypt have all reported populations of 
this  spinner  dolphin  sub  species  (Norris  et  al.,  1994;  Poole,  1995;  Silva  et  al.,  2005; 
Notabartolo di Sciara et al., 2009). All have shown daily behaviour patterns which rely on 
sheltered bay or lagoon areas for day time resting and socialising before moving offshore 
to feeding grounds (Norris & Dohl, 1980; Wursig et al., 1994; Lammers, 2004; Silva et al., 
2005;  Oremus,  2008;  Notabartolo  di  Sciara  et  al.,  2009).  These  important  areas  have 
several features in common, clear, shallow water with sandy substrate and some sort of 
protection from deeper water environments. This may be in the form of atolls such as the 
case  in  some  of  the  Hawaiian  Islands  and  the  Red  Sea  (Karczmarski  et  al.,  2005; 
Notabartolo di Sciara et al., 2009) or bay areas such as on the main islands of Hawaii and 
Moorea (Norris & Dohl, 1980; Norris et al., 1994; Poole, 1995). The availability of these 161 
 
areas, their size and distance to neighbouring islands seem to be influencing factors in the 
social structure of the local population (Andrews et al., 2010; Oremus, 2008), site fidelity 
and also the size of the population (Gowans et al., 2008). 
The  predictable  movement  pattern  displayed  by  this  species  makes  it  ideal  for  the 
development of dolphin watching activities but subjects them to daily disturbance during 
a time when they would normally be resting and socialising. Studies on many different 
species  have  shown  that  this  kind  of  disturbance  can  have  both  short  and  long  term 
effects on the dolphins and investigations are still continuing and growing in this area (e.g. 
Samuels & Bejder, 2004; Lusseau, 2003; Danil et al., 2005; Bejder et al., 2006b; Stensland 
&  Berggren,  2007;  Delfour,  2007;  Courbis  &  Timmel,  2009).  In  any  population  being 
subjected to this or any other kind of disturbance, assessment of any environmental or 
human induced impacts is only possible once the basic information about the population 
has been determined. Changes in population size, birth, death and survival rates can be 
followed to monitor the health of the population. In addition, any changes in habitat use 
or  movement  patterns  can  also  be  examined  and  management  decisions  made 
accordingly.  
Few detailed studies on Hawaiian spinner dolphins have come out of the Indian Ocean 
region.  It is thought that spinner dolphins are the most abundant species in the region 
(Ballance & Pitman, 1998; Kiszka et al., 2009; Berggren, 2009). The population status of 
the spinner dolphins of Mauritius is unknown due to a lack of research.  As the well 
developed dolphin watching industry continues to be unregulated and to grow, the impact 
it is having on this population has the potential to be devastating. In addition, coastal 162 
 
development and the subsequent increase in boating activities, industrial runoff and other 
forms  of  pollution  along  the  west  coast  could  compound  the  affects  of  the  dolphin 
watching to levels where the dolphins are unable to successfully and safely use these 
areas.  To  facilitate  management  and  conservation  of  this  species  this  study  aimed  to 
obtain  the  first  abundance  estimates  of  the  population  using  the  west  coast  dolphin 
watching area, their residency patterns and relative density.   
Abundance  
Photographic identification (photo-ID) has been used successfully to identify individuals 
within cetacean populations for more than thirty years. As described in Chapter 3 this 
method  involves  using  the  markings  on  the  dorsal  fin  and  flank  area  to  differentiate 
between individuals (Wilson, 1995; Wursig & Jefferson, 1990; Wursig & Wursig, 1977).  
Photo-ID is thus only useful when the individuals of a population are reliably marked as 
the method is sensitive to both the degree of marking and the quality of the photographs 
(Gowans & Whitehead, 2001; Friday et al., 2008). Abundance estimates determined from 
photo-ID rely on the ability to determine the proportion of marked individuals within the 
population. This becomes increasingly difficult when dealing with species that are highly 
gregarious and/or do not mark well (Chilvers & Corkeron, 2002).   
The assumptions and possible errors involved are detailed in the photo-identification and 
Mark-Recapture sections of Methods in Chapter 3. 
Spatial and temporal distribution 
Monitoring the movements of individuals and groups can give valuable insights to their 
habitat preferences and use, foraging strategies and resource distribution (Wilson et al., 163 
 
1997; Ingram & Rogan, 2002). Unlike the majority of whale species, small cetaceans are 
not  known  to  take  on  migrational  movement  (Reilly,  1990).    However,  smaller  scale 
movement can occur due to movements of prey abundance and/or changes in habitat.  In 
the  tropics  this  movement  may  be  even  less  pronounced  as  there  is  little  seasonal 
variation in water temperature, salinity and other factors which might affect prey and/or 
dolphin movement (Reilly, 1990).  
Spinner  dolphins  are  essentially  a  tropical  species  and  their  preferred  habitat  is 
characterised by warm waters and low saline conditions (Au & Perryman, 1985; Reilly, 
1990). In addition the presence of a shallow thermocline and relatively stable sea surface 
conditions appears to be required (Au & Perryman, 1985). At a local level this species 
exhibits a daily movement pattern determined by the movement of their prey (Norris et 
al.,  1994;  Benoit-Bird  &  Au,  2003).    Some  populations  show  considerable  fidelity  to 
particular sites while others will move further between bays or islands (Norris et al., 1994; 
Karczmarski et al., 2005; Oremus, 2008). These differences may be due to isolation and/or 
availability of suitable resting sites (Lammers, 2004; Karczmarski et al., 2005; Andrews et 
al., 2010). 
The population in Mauritius displays this well documented daily pattern of movement in 
and out of daytime resting areas.  Within the study area are three bay areas which are 
regularly  used.  However,  if  this  population  is  resident  and  show  site  fidelity  to  any 
particular area or whether bay use is dependent on other factors is unknown. This chapter 
aims  to  determine  the  size  of  the  population  using  this  area  of  coast,  the  degree  of 164 
 
residency, site fidelity and the daytime range of the identified individuals. These data can 
then be used to assist in the development of management strategies. 
5.2 Methods 
In general methods and approaches have been described in Chapter 3 with the following 
adaptations: 
5.2.1 Sighting conditions 
Spearmann’s rank test was used to investigate whether there was a relationship between 
depth and clarity at sightings of spinner dolphins. All sightings where both measurements 
had been successfully collected were included in analysis. (NOTE: clarity measurements 
were at times not collected if the focal group was moving or when current was strong). 
5.2.2 Mark-Recapture population estimates 
The proportion of marked individuals in the population (θ, theta) was calculated from the 
ratio of good and excellent quality fin images containing distinctively marked individuals 
(DMI) to the total number of good and excellent quality fin images, using a subset of 40 
surveys. This value was calculated for all identifiable animals and for DMI’s. 
Two sampling period durations were used to calculate the population of spinner dolphins 
using  the  study  area.  Initially,  monthly  primary  periods  were  used  with  fortnightly 
secondary periods and a second estimate was obtained using bimonthly primary periods 
with monthly secondary periods (see Figure 3.4).  Any gaps in sampling were accounted 
for by adjusting the time intervals in the programme settings. 165 
 
Due to the larger group sizes and less distinctive marks on individual spinner dolphins the 
proportion of calves in the population was estimated in the same way as the group size. 
Minimum and maximum estimates of the number of calves were taken and converted to a 
percentage of the total group size, the overall mean was then used for calculations. 
Total population estimates (NTotal) were obtained using the formula described in Chapter 
3.  
5.2.2 Residency and patterns of distribution 
Focal follow surveys were distributed over all 27 months of the data collection period, 
therefore potential monthly sighting rates for spinner dolphins ranged from 0.03-1, other 
sighting rates (6 monthly and yearly) remained the same as described in Chapter 3.  
Individual ranges were calculated for animals resighted on 10 or more occasions, and 
these were adjusted for land overlap, however, this is not shown on the maps. 
5.2.2.1 Additional photo-identification 
To  investigate  whether  there  were  other  groups  using  the  coast  three  surveys  were 
conducted in the north of the island from Pereybere Bay to Port Louis (Figure 3.5, Chapter 
3) on the 30
th March, 1
st and 2
nd of April 2010. During these trips all dolphins groups 
encountered were recorded and photo-identification conducted in order to compare to 
animals in the study area.  
In addition, GPS and photo-ID data of dolphins encountered during a sperm whale trip 
conducted by GLOBICE (22/10/09) were obtained for comparison with animals using the 
study area. 166 
 
5.3 Results 
Between  April  2008  and  June  2010  a  total  of  250  groups  of  spinner  dolphins  were 
encountered over 229 survey days.  Groups were encountered every month of the study 
with  a  total  of  422  hours  of  observation  (Figure  5.1).  The  overall  mean  number  of 
encounters per day was 1.10 (0.04 s.e.) for all trips. 
 
Figure 5.1:  Monthly distribution of time spent at sea (blue) compared to the number of 
hours spent with S. longirostris (red) between April 2008 and June 2010. 
 
Sightings for spinner dolphins occurred in a range of water depths, from eight meters to 
60 meters.  On fifteen occasions sightings of spinner dolphins occurred in water deeper 
than  60  meters.  Mean  depth  of  the  initial  sighting  of  a  group  was  20.4m  (1.0  s.e.) 
(excludes depths greater than 60m).  The average depth of sightings was not significantly 
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different (t-test: t=-1.38, p=0.17) between seasons with mean depths of 22.0m (1.5 s.e.) 
and 19.0m (1.3 s.e.) for summer and winter respectively.  Of the fifteen sightings that 
occurred in water greater than 60m deep, only three were during the winter months. 
Mean water clarity for spinner dolphin sightings was 14.5m (0.5 s.e.) and had a wide range 
of depths from 4.5m to 30m.  Seasonal means were 15.9m (0.9 s.e.) and 13.6m (0.6 s.e.) 
for summer and winter respectively and resulted in a significant p value for a difference in 
clarity between seasons (t test: t=-2.27, p=0.03). There was a strong relationship between 
depth  and  clarity,  with  clarity  increasing  with  depth  at  spinner  dolphins  sightings 
(Spearmann’s r=0.65, p<0.01) (Figure 5.2).  
 
Figure 5.2: Relationship between depth and clarity at S. longirostris sightings. 
Sea  surface  temperature  was  significantly  different between  seasons  (t  test:  t=-12.31, 
p<0.01) with a summer mean of 28.1°C (0.2 s.e.) compared to 24.6°C (0.2 s.e.) in winter. 
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Overall, mean sea surface temperature for spinner dolphin sightings was 25.9°C (0.2 s.e.). 
The majority of sightings (59%) were recorded when the tide was in flood. 
5.3.1 Encounter rates 
The number of groups encountered per hour was calculated from the number of groups 
sighted and the amount of time spent searching for dolphins.  All trips were included to 
investigate the encounter rate. The mean encounter rate for the first year of the study 
was 0.96 (0.15 s.e.) and that for the second year was very similar at 0.98 (0.23 s.e.) groups 
per hour (Figure 5.3). Overall the mean encounter rate for spinner dolphins was close to 
one group every hour spent searching (0.94 ± 0.12 s.e.) (Figure 5.3).  
 
Figure 5.3:  Mean monthly encounter rates (groupsh
-1) of S. longirostris over the study 
period, April 2008 and June 2010. Arrows indicate the end of 12 month 
periods.  
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Figure 5.4:   Mean monthly encounter rate (groupsh
-1) of S. longirostris when months 
were pooled across the total study period April 2008 to June 2010. 
 
Encounter  rates  during  summer  months  had  a  mean  of  0.81  (0.10  s.e.)  while  winter 
months  were  similar, though  slightly  higher, with  a  mean of 1.07  groups per hour of 
searching (0.21 s.e.).  
5.3.2 Discovery and mark rate 
Over the course of the study 374h 17min was spent with 144 groups of spinner dolphins 
recorded from 125 days of Focal follow trips (Figure 5.5). Only Focal trips were used to 
establish  the  mark  rates  (θ)  and  population estimates due  to  the  consistent  effort  of 
photography and coverage of the groups. Most spinner dolphins had some degree of 
marking evident on their body and/or dorsal fin.  A total of 121 animals were identified 
throughout the course of the study and entered into an identification catalogue. Eighty 
three adults were considered to be distinctively marked individuals (DMI – see methods 
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Chapter  3)  and  therefore  used  in  population  analysis.    The  cumulative  number  of 
identified individuals (rate of discovery) decreased after the first year of the study (Figure 
5.6 indicated by arrow). The rate of discovery of new individuals from April 08 to March 09 
was  6.50  (2.18  s.e.)  animals  per  month  with  86.7%  of  recognisable  spinner  dolphins 
identified during this period. The discovery rate then decreased to 0.42 (0.19 s.e.) per 
month for the following 12 months (Figure 5.6). When the last 3 months were included in 
the  second  year  the  mean  and  standard  error  were  0.73  and  0.28  respectively;  the 
increase accounting for the addition of several new animals at the end of the study. 
 
Figure 5.5:  Monthly distribution of hours spent on the sea with S. longirostris during 
Focal surveys (see Section 3.2.1) between April 2008 and June 2010. 
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When considered separately the discovery rates between years were comparable with 
6.50 (2.18 s.e.) new animals per month during the first year and 5.00 (1.84 s.e.) (mean 4.4 
± 1.50 s.e. including last 3 months) animals per month during the second year (Figure 5.6).  
From almost 29,000 photographs, 23,686 fins were considered to be of a quality good 
enough to be cut for grading and further analysis.  Analysis of all good and excellent 
quality fins from a random selection of 40 Focal follow trips (n=125) indicated that the 
proportion  of  animals  that  could  be  identified  over  time  was  low.  The  proportion  of 
distinctively marked individuals (DMI’s) ranged from 0.21 for the first year (08-09) to 0.22 
for the second year (09-10). The overall proportion of marked animals (θ) was calculated 
to be 0.22. This value was used for all further calculations. 
 
 172 
 
 
Figure 5.6:  Comparison of the discovery curves for the periods April 2008 to June 2010 
(dots), April 2008 to March 2009 (black) and April 2009 to June 2010 (grey) 
for  the  identification  of  new  distinctively  marked  individuals  of  S. 
longirostris by the number of photographs taken during Focal follow trips 
(see Section 3.2.1). The arrow indicates end of the second year at March 
2010. 
 
5.3.3 Re-sighting Frequencies 
Identified dolphins were re-sighted between one and 45 times over the course of the 
study (Figure 5.7). A total of 85.5% of the 83 DMI spinner dolphins were sighted more 
than once, 62.7% (n=52) seen five or more times and 39.8% seen 10 or more times. The 
mean number of re-sightings for all identified animals was 10.9 times (1.2 s.e.). 
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Figure 5.7:  Frequency  distribution  of  the  number  of  times  individual  S.  longirostris 
were identified from Focal follow trips between April 2008 and June 2010. 
 
5.3.4 Population estimates 
5.3.4.1 Popan 
Results for the selection of open population models run in POPAN are shown in Table 5.1. 
Comparisons were made between different time  durations in addition to comparisons 
between  the  different  models  accounting  for  survival,  capture  probability  and 
recruitment. The model that best explained the data for monthly sampling periods had 
survival,  probability  of  capture  and  recruitment  varying  with  time  (phi  (t)  p(t)  pent(t) 
(Ñ=86.41,  2.92  s.e.,  95%  CI  83.80-97.57)).  This  model  also  had  the  best  precision 
(CV=0.03).  The  models  with  the  best  precision  for  Bimonthly  (Phi(t)p(t)pent(t))  and 
Quarterly (Phi(t)p(t)pent(t)) sampling occasions were the same with all parameters varying 
with  time.  Both  had  very  similar  estimates  and  confidence  intervals.  For  Quarterly 
0 
2 
4 
6 
8 
10 
12 
14 
1  3  5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45 
N
u
m
b
e
r
 
o
f
 
a
n
i
m
a
l
s
 
Number of sightings 174 
 
sampling periods the best model according to the AIC value was not the most precise and 
can be explained due to this model having more parameters compared to next best. 
The values obtained from the models only gave an estimate for the number of marked 
animals in the population. These were then adjusted to account for calves and unmarked 
individuals. Calves were sighted throughout the year and it was estimated that on average 
groups contained 10% calves (Chapter 6). This value was used to calculate the total size of 
the population using the study area. The proportion of distinctively marked individuals in 
the  population  was  calculated  at  22%  (θ)  (Section  5.3.2),  therefore  the  unmarked 
individuals in the population was 78%. 175 
 
Table 5.1:   Model selection for marked population estimates (Ñ) of S. longirostris from POPAN.   Lowest Akaike Information 
Criterion AIC value indicates which model best explains the data and the difference in AIC scores from the best model 
(Δ AIC). The best two models from each length of sampling period are displayed. The three parameters estimated with 
POPAN  are  survival  (phi),  capture  probabilities  (p)  and  recruitment  (pent).  Models  were  adjusted  to  allow  each 
parameter to remain constant (.) or vary with time (t). The precision of the estimates is measured by the coefficient of 
variation (CV). The number of parameters (#Para), standard errors (s.e.) and 95% confidence intervals are shown for 
each model estimate.  
 
Sampling                 
Interval  Model  AIC  ΔAIC  # Para  Ñ  s.e.  CV  95% CI 
Monthly  Phi(t)p(t)pent(t)  2011.78  0.00  43  86.41  2.92  0.03  83.80-97.57 
   Phi(.)p(t)pent(t)  2035.64  23.86  41  91.85  6.07  0.07  85.62-112.90 
                 
Bimonthly  Phi(t)p(t)pent(t)  1144.94  0.00  27  85.73  2.48  0.03  83.59-95.51 
   Phi(.)p(t)pent(t)  1152.62  7.67  23  91.42  6.40  0.07  85.24-114.64 
                 
Quarterly  Phi(t)p(t)pent(t)  711.75  0.00  17  83.00  0.00  0.00  83.00-83.00 
   Phi(.)p(t)pent(t)  720.51  8.76  15  85.58  2.28  0.03  83.58-94.44 
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Once adjusted, estimates of the total population using the area ranged between 419 and 
436 depending on the duration of the sampling periods (Table 5.2). 
 
Table 5.2:   Population estimates (NTotal) of S.longirostris for the top ranking models, 
adjusted to include non-marked animals and calves. 
Sampling 
Interval 
Model   NTotal  s.e.  95% CI 
Monthly  Phi(t)p(t)pent(t)  436.41  91.40  257.28-615.55 
Bimonthly  Phi(t)p(t)pent(t)  432.98  90.36  255.87-610.09 
Quarterly  Phi(t)p(t)pent(t)  419.19  86.64  249.38-589.00 
 
5.3.4.2 Robust Design 
Results for the selection of population models run with Robust Design in MARK are show 
in Table 5.3. Comparisons were made between different time durations in addition to 
comparisons between the different models accounting for survival, capture probability, 
emigration and immigration. The model that best explained the data for both monthly and 
bimonthly primary sampling periods had constant survival and probability of emigration, 
while the probability of immigration and capture were time variable (phi(.)γ”(.)γ’(t)p=c(t)) 
(Table 5.3). The next best model for each sampling duration had ΔAIC values greater than 
2  indicating  that  there  was  very  little  support  for  these  models  and  so  were  not 
considered  further.  The  model  with  the  lowest  AIC  value  was  based  on  Markovian 
movement  where  temporary  emigration  does  not  occurring  between  the  secondary 
sampling periods but does occur between primary periods.  177 
 
 
Table 5.3:   Model selection for marked population estimates (Ñ) of 83 DMI of S. longirostris from Robust Design.  Lowest Akaike 
Information Criterion (AIC) value indicates which model best explains the data and the difference in AIC scores from 
the best model (Δ AIC). The best two models using Focal follow surveys (see Section 3.2.1) for monthly and bimonthly 
primary  occasions  are  displayed.  The  four  parameters  estimated  with  Robust  Design  are  survival  (phi),  capture 
probabilities (p), emigration probability (γ”) and immigration probability (γ’). Models were adjusted to allow each 
parameter to remain constant (.) or vary with time (t). Also shown are the number of parameters (# Para), standard 
error (s.e.) and 95% confidence intervals for each model estimate. 
Sampling  Model  AIC  ΔAIC  # Para  phi  Ñ  s.e.  95%CI 
Interval 
     
         
Monthly  phi(.)γ”(.)γ’(t)p=c(t)  138.99  0.00  95  0.99  Min   24.38  3.81  20.54    37.78 
            Max  82.30  20.41  54.63  138.73 
  phi(.)γ”(.)γ’(.)p=c(t)  143.02  4.02  74  0.99  27.10  4.90  21.71    43.21 
            81.79  28.34  50.64  174.98 
Bimonthly  phi(.)γ"(.)γ'(t)p=c(t)  -516.61  0.00  52  0.98  15.38  2.41  14.14    28.01 
            98.27  21.19  68.70  155.41 
  phi(.)γ"(t)γ'(t)p=c(t)  -513.98  2.63  63  1.00  22.70  4.09  19.64    40.32 
            87.52  39.21  49.25  228.61 178 
 
The estimates obtained from the models only give an estimate for the number of marked 
animals in the study area during each sampling occasion.  These are then adjusted to 
account for calves and unmarked individuals to attain the estimate of the total population 
(NTotal) using the area during each occasion. The estimates of the population using the 
area during each monthly sampling occasions ranged from 123 (54.14 s.e., 95%CI 17.04-
229.25) in January/February to 415 (180.29 s.e., 95%CI 62.31-769.04) in July (Figure 5.8). 
Bimonthly  sampling  occasions  were  similar  ranging  from  78  (40.95  s.e.,  95%CI  -2.57-
157.94) in February/March to 496 (187.24 s.e., 95%CI 129.33-863.30) in May/June (Figure 
5.9). 
 
 
Figure 5.8:  Population  estimates  (NTotal)  of S. longirostris  from  Focal follow  trips  using 
monthly primary occasions calculated on the model of best fit (phi(.)γ "(.) γ 
'(t)p=c(t)) representing Markovian temporary emigration (0.13) and apparent 
survival of 0.99. Bars display standard errors for each monthly estimate.   
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Figure 5.9:  Population  estimates  (NTotal)  of S. longirostris  from  Focal follow  trips  using 
bimonthly primary occasions and calculated on the model of best fit (phi(.)γ 
"(.)  γ  '(t)p=c(t))  representing  Markovian  temporary  emigration  (0.18)  and 
apparent  survival  of 0.98.  Bars  display  standard  errors  for  each  bimonthly 
estimate.   
 
With animals moving in and out of the area, density depended on the sampling period. It 
ranged  between  1.64  and  5.53  animals  km
-2  calculated  from  monthly  estimates  and 
between 1.05 and 6.61 animals km
-2 using bimonthly estimates from Robust Design. The 
POPAN population estimate of approximately 430 animals gave a density of 5.73 animals 
km
-2.  
 
5.3.5 Residency  
To investigate the degree of residency, sightings were divided into monthly, six monthly 
and yearly sampling occasions and the number of captures and sighting frequencies for 
each individual were examined. For monthly sampling, one individual was ‘captured’ 21 
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out of a possible 27 months. Twelve animals were only sighted in one month, the mean 
was 7.39 (0.65 s.e.) and 55.4% of indentified animals were sighted in five or more months 
of the study (Figure 5.10).  
When considering the half yearly and yearly sighting frequencies 17 animals were seen in 
all five, half yearly occasions and 65% of animals were seen in three or more six monthly 
periods (mean 3.11 ± 0.15 s.e.)  (Figure 5.11).  Forty seven percent of identified animals 
were seen in all 3 years (2008, 2009, 2010) of the study and the mean number of years 
sighted was 2.24 (0.09 s.e.) (Figure 5.12). 
 
 
Figure 5.10:  Frequency  distribution  of  the  number  of  months  distinctively  marked 
individuals  (DMI)  of  S.  longirostris  were  sighted  out  of  a  possible  27 
months  when  Focal  follow  trips  (see  Section  3.2.1)  were  conducted 
between April 2008 to June 2010. 
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Figure 5.11:   Frequency  distribution  of  six  monthly  sighting  rates  for  all  distinctively 
marked individuals (DMI) of S. longirostris out of 5 possible six monthly 
periods when Focal follow trips (Section 3.2.1) were conducted. April 2008 
to June 2010. 
 
Figure 5.12:   Frequency distribution of yearly sighting rates for all distinctively marked 
individuals (DMI) of S. longirostris out of a possible 3 yearly periods when 
Focal follow trips (Section 3.2.1) were conducted. April 2008 to June 2010. 
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5.3.6 Lagged identification rates 
5.3.6.1 Whole study area 
The  lagged  identification  rate  was  calculated  for  the  83  distinctively  marked  spinner 
dolphins identified in the study area. All trips were included in calculations of lagged 
identification rate (n=157). The shape of the graph implied that animals were spending 
several days in the study area before leaving.  The model of best fit for the data, indicated 
by the lowest QAIC, was found to be ‘Emigration, re-immigration and mortality’ (QAIC 
=112250.25) (Table 5.4). The fitted model levelled off above zero and suggests that a 
number of animals were remaining in the area as residents, and additional animals were 
moving in and out the study area (Figure 5.13). This agrees with other analyses such as 
the discovery curve that suggests this population is essentially closed. Residence times in, 
and subsequent time outside the area before returning, were estimated at 3.05 (α2) days 
(95%CI 0.50-31.67) and 2.46 (α3) days (95%CI 1.14-8.37) respectively. A second drop was 
seen after 100+ days, indicating a decrease in the number of animals within the study 
area. The estimate for mortality (α4) was negligible at less than half of one percent. 
There were three other models that fitted the data to a lesser degree (bold in Table). A 
ΔQAIC<2 indicated substantial support for these models. All supported emigration and/or 
mortality occurring in this population. 
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Table 5.4:   Comparison of the possible models of lagged identification rates for movement in and out of the whole study area by 
S. longirostris based on Quasi Akaike Information Criterion (QAIC). ΔQAIC indicates the difference between the QAIC 
and minimum QAIC obtained. A ΔQAIC of less than 2 indicates there is some support for the model and these are 
shown in bold. 
 
Model  Explanation  QAIC  ΔQAIC   
 1  Closed  112285.8024  35.5567  No Support 
1/  1  Closed  112285.8024  35.5567  No Support 
 2*exp(-  1*td)  Emigration/Mortality  112251.8197  1.5740  Substantial 
support 
 2+  3*exp(-  1*td)  Emigration/Re-immigration  112279.1662  28.9205  No Support 
(1/  1)*exp(-td/  2)  Emigration/Mortality  112251.8197  1.5740  Substantial 
support 
 3*exp((-  1*td)+  4*exp(-  2*td)  Emigration/Re-immigration/Mortality  112251.2276  0.9819  Substantial 
support 
(1/  1)*((1/  3)+(1/  2)*exp(-
(1/  3+1/  2)*td))/(1/  3+1/  2) 
Emigration/Re-immigration  112280.1338  29.8881  No Support 
Exp(-  4*td)/  1)*((1/  3)+(1/  2)*exp(-
(1/  3+1/  2)*td))/(1/  3+1/  2) 
Emigration/Re-immigration/Mortality  112250.2457  0.0000  Best 184 
 
 
 
Figure 5.13:   Lagged  identification  rates  for  all  distinctively  marked  individuals  of  S. 
longirostris with the expected lagged identification rates and with vertical 
lines indicating jackknifed error bars. The best-fit curve (blue) based on 
maximum  likelihood,  represents  a  population  with  Emigration,  Re-
immigration  and  Mortality  (Exp(- 4*td)/  1)*((1/  3)+(1/  2)*exp(-
(1/  3+1/  2)*td))/(1/  3+1/  2)). Where  1 = 23.33 (9.45 s.e.),  2 = 3.05 
(17.96 s.e.),  3 = 2.46 (4.67 s.e.) and  4 = 0.0003 (8.93e-005 s.e.). 
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5.3.6.2 Movement within and between sites 
To  test  whether  individuals  were  moving  between  all  sites  of  the  study  area  a 
within/between  movement  analysis  was  conducted.    This  looks  at  the  overall  lagged 
identification rate for animals staying within the same site or moving between any of the 
other sites. All the fitted models had ΔQAIC values between 0 and 2 and therefore all 
supported the real data (Table 5.5). This was considered strong evidence that identified 
animals were using the entire study area. The Fully mixed model represented in Figure 
5.14 gave a population in the study area of 45.38 (3.40 s.e., 95% 38.90-52.63) at any time. 186 
 
 
 
Table 5.5:   Comparison of the possible models of lagged identification rates for movement within and between sites of the study 
area by S. longirostris based on Quasi Akaike Information Criterion (QAIC). ΔQAIC indicates the difference between 
the QAIC and minimum QAIC obtained. A ΔQAIC of less than 2 indicates there is some support for the model and 
these are shown in bold. 
Model  Explanation  QAIC  ΔQAIC   
 1  Fully mixed  86941.9892  0.0001  Substantial support 
1/  1  Fully mixed  1=N  86941.9891  0.0000  Best 
 2*(1-exp(- 1*td))  Migration – full interchange  86943.9891  2.0000  Substantial support 
(1/  1)*(1-exp(-td/  2))   1=N, Mean residence  86943.9891  2.0000  Substantial support 187 
 
 
 
 
Figure 5.14:   Lagged  identification  rates  for  all  distinctively  marked  individuals  of  S. 
longirostris for movement within and between sites of the study area with 
the  expected  lagged  identification  rates  and  estimated  standard  errors 
(bars). The best-fit curve represents the Fully Mixed model (1/  1) fitted to 
the  data  (blue  line)  using  maximum  likelihood.  Where   1=  45.38  (3.40 
s.e.). 
 
 
 188 
 
5.3.7 Sightings 
Sightings of the 250 groups occurred throughout the study area covering each of the sites 
as well as several in ‘Other’, considered to be just outside the study area. The highest 
sighting rates occurred at the northern end of the study area at Point Moyenne (mean 
2.05 sightings hr
-1, s.e. 0.49) (Figure 5.15). Benitier had the lowest sighting rate at 0.37 
groups  hr
-1  (s.e.  0.14).  The  variation  in  sighting  rates  between  sites  was  significant 
(Kruskal  Wallis:  H=24.85,  Hc=26.78,  p<0.01)  and  further  tests  found  sighting  rates  at 
Tamarin Bay to be different to all other sites except Point Moyenne and Other (Mann-
Whitney: Flic en Flac, Preneuse, Black River Bay and Benitier p<0.01; Morne p=0.03). In 
addition, sighting rates at Morne, Other and Point Moyenne were all significantly higher 
than that at Benitier (Mann-Whitney: p=0.02, p=0.04 and 0.02 respectively). 
When divided into 12 month periods, 95 groups were encountered during the first year 
(April08 to March09) compared to 131 in the second (April09 to March10).  Groups were 
recorded at each of the seven sites for both periods. Sighting rates between sites, within 
years  did  not  vary  greatly  with  only  the  second  twelve  month  period  producing  a 
significant  result  (Year1:  Kruskal  Wallis:  H=11.19,  Hc=12.07,  p=0.13;  Year2:  H=14.22, 
Hc=15.34, p=0.05). During this period sighting rates at all sites except Point Moyenne 
were less than Tamarin Bay (Mann-Whitney: Flic en Flac p=0.01, Preneuse p<0.01, Black 
River  Bay  p=0.04,  Benitier  p<0.01,  Morne  p=0.01,  Other  p=0.05).  Little  variation  was 
observed between years but decreases were seen at all sites except Tamarin Bay and 
Benitier during the second year of the study (Figure 5.16).  
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Figure 5.15:  Sighting rates for the number of groups of S. longirostris recorded at each 
site of the study area for the period April 2008 to June 2010. 
 
 
Figure 5.16:   Comparison of sighting rates for the number of groups of S. longirostris 
recorded at each site of the study are for the periods April 2008 to March 
2009 (blue) and April 2009 to March 2010 (red). 
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When sites were combined into zones sighting rates were highest at Other (mean 1.85 
sightings hr
-1, s.e. 0.46) (Figure 5.17) and lowest in Open coast areas (0.57 sightings hr
-1, 
s.e. 0.10). Median sighting rates varied significantly between zones for the second year of 
the  study  and  for  the  entire  study  period  (Kruskal  Wallis:  H=9.44,  Hc=10.18,  p=0.02; 
H=14.23, Hc=15.34, p<0.01). Comparisons between years found the zone with the highest 
rates changed from Other (2.20 sightings hr
-1, s.e. 0.74) in the first year to Bays (1.51 
sightings hr
-1, s.e. 0.30) in the second. All zones displayed a decrease in sighting rates 
during the second year (Figure 5.18), but none gave a significant result (T tests between 
years at each zone p values ranged from 0.23 (Other) to 0.82 (Bays)) (Figure 5.16).   
 
 
Figure 5.17:    Sighting rates for the number of groups of S. longirostris recorded at each 
zone of the study area for the period April 2008 to June 2010.  
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Figure 5.18:  Comparison of sighting rates for the number of groups of S. longirostris 
recorded at each zone for the periods April 2008 to March 2009 (Blue) and 
April 2009 to March 2010 (Red).  
 
The sighting rates for each site were compared between summer and winter seasons 
(Figure 5.19). There was no seasonal variation was observed for the duration of the study 
or within each 12 month period (Kruskal Wallis: Study duration: H=0.07, Hc=0.07, p=0.79; 
Year1:  H=0.01,  Hc=0.71,  p=0.92;  Year2:H=0.89,  Hc=0.90,  p=0.34).  When  each  site  was 
considered separately only Point Moyenne in the second year had significant variation in 
sighting rate between summer than winter (Kruskal Wallis: H=8.31, Hc=8.93, p<0.01). No 
sites differed between seasons during the first year or when data was pooled for the 
duration of the study.  
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Figure 5.19:   Seasonal  comparison  of  sighting  rates  of  S.  longirostris  for  each  site 
between summer (blue) and winter (red) for the period April 2008 to June 
2010. 
 
The same tests were conducted on the zones comparing the sighting rates for winter and 
summer (Figure 5.20). No seasonal variation was observed for spinner dolphin sighting 
rates for either year or the duration of the study (Kruskal Wallis: Year1: H=0.33, Hc=0.33, 
p=0.56;  Year2:  H=0.33,  Hc=0.33,  p=0.56;  Study  duration:  H=0.08,  Hc=0.08,  p=0.77), 
confirming results observed for sites. This was also true when each zone was considered 
separately, with the exception that sighting rates were higher in summer at Bays during 
the second year (Kruskal Wallis: H=10.01, Hc=10.17, p<0.01) and for the study period 
(Kruskal Wallis: H=7.31, Hc=7.48, p=0.01). 
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Figure 5.20:   Seasonal  comparison  of  sighting  rates  of  S.  longirostris  for  each  zone 
between summer (blue) and winter (red) for the period April 2008 to June 
2010. 
 
5.3.8 Area use 
Using the sightings of 183 groups as an indication of the range of the spinner dolphins, 
the 95% and 50% utilisation distributions were calculated with Ranges8 (Kenward et al., 
2008).  Once  adjusted  for  land  overlap  the  high  use  area  (50%  contour)  covered  a 
relatively small area of 9.1km
2 compared to the 95% usage area which was 53.0km
2.  Core 
use areas (50%) were in the three bay areas (Figure 5.21).  
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Figure 5.21:   Distribution of group sightings for S. longirostris. Area usage is displaying 
50% utilisation distribution in red, and 95% range in orange. Pale pink area 
indicates the study area to the 100m depth contour.  
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The 50% utilisation distribution contours calculated for 33 animals seen on ten or more 
occasions had a mean size of 5.0km
2 (1.0 s.e.) and a range of 0.9 to 17.6km
2. The 95% 
contours ranged from 3.9 to 59.0km
2 and had a mean of 22.3km
2 (3.7 s.e.). Of the 33 
animals included in analyses, 22 were only seen within the three bays (Figure 5.22).  
 
Figure 5.22:   Ranges of 33 individual S. longirostris seen on ten or more occasions A: 
95% utilisation distribution and B: 50% utilisation distribution. Each colour 
represents a different individual. 
 
5.3.9 Additional sightings 
Comparison  of  photo-identification  data  of  a  single  group  of  spinner  dolphins 
encountered outside Port Louis Harbour during a sperm whale survey (22 October 2009) 
resulted in 12 positive matches with animals using the study area. 
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Spinner dolphins were encountered on two of the three days surveys were conducted in 
the  north  of  the  island.  On  the  30  March  a  group  of  approximately  80  animals  was 
encountered at Trou aux Biches (Figure 5.23). Two further groups were recorded at Trou 
aux  Biches  and  Turtle  Bay  on  April  first  (Figure  5.23).  The  first  contained  80-100 
individuals and the second 40-50. No matches were found with animals from the study 
area, however, several matches were made between days. There were no sightings of 
spinner dolphins on the 2 April. 
 
Figure 5.23:   Position  of  addition  sightings  of  S.  longirostris  (stars)  in  the  north  in 
relation  to  the  study  area.  Red  star  indicates  recapture  of  known 
individuals. 197 
 
5.4 Discussion 
This study is the first to obtain abundance estimates along with details of spatial and 
temporal distribution for spinner dolphins in Mauritius. The lack of previous data has 
made it impossible to determine if the demographic status of the population is stable, 
decreasing or increasing. Results indicated that approximately 400 animals regularly used 
this area of the coast and showed a high degree of fidelity to the region. Encounter rates 
were high at almost one group an hour and environmental conditions reflected those 
found from other studies and suggested a preference for calm, shallow and clear waters 
with open sandy substrate. Sightings occurred at all sites within the study area, however, 
statistical tests indicated that Tamarin Bay had significantly more sightings than any other 
site. Distribution of the sightings showed that this population was using at least 30km of 
coastline with the three bays being high use areas and there was little or no seasonal 
variation in movement patterns. 
5.4.1 Sightings and Estimates of abundance 
While  various  studies  throughout  the  south-west  Indian  Ocean have reported on the 
presence of spinner dolphins and they are considered the most abundant semi-pelagic 
species in the region (Berggren, 2009; Kiszka et al., 2009), very little research has been 
conducted on abundance. Spinner dolphins have been recorded from Mayotte (Kiszka et 
al, 2010b), Comoros (Kiszka et al., 2010a), La Reunion Island (Dulau-Drouot et al., 2008), 
Seychelles (Hermans & Pistorius, 2008), Maldives (Anderson, 2005) and off the coast of 
East Africa (Berggren, 2009). Most of these studies reported cetacean diversity and/or 
occurrence. Those that reported encounter rates were lower than that calculated here for 198 
 
Mauritius. In the waters around Mayotte, Kiszka et al. (2010b) gave 0.4 groups h
-1 overall 
from 441hours of search effort but encounter rates were higher in specific areas. Lower 
again were the encounter rates for Comoros and Reunion Island with only 0.145 (Kiszka et 
al., 2010a) and 0.023 groups h
-1 (Dulau-Drouot et al., 2008) respectively. The variations in 
encounter rates are likely to reflect the different focus of the studies and could also be a 
result of differences in habitats between the three islands. For both Reunion and Mayotte 
the mean depth of sightings was over 100m indicating that perhaps these populations 
are,  while  still  associated  with  an  island,  less  reliant  on  shallow,  sheltered  areas  for 
resting. As the study area is well known for daily occurrence of spinner dolphins the 
encounter rates could be reduced with the extension of the study area and by conducting 
set transects.      
Mark rates for this species were low compared to bottlenose dolphins. While many of the 
animals  displayed  some  degree  of  marking,  only  22%  of  animals  were  considered 
sufficiently  well  marked  to  be  used  in  photo  identification  analysis.  This  rate  is 
comparable to Norris et al. (1994) 20% and Ostman (1994) 24%. However, other studies 
ranged from only 14-15% in Moorea (Poole, 1995) to 53% at Midway Atoll and 76 % at 
Kure Atoll (Karczmarski et al., 2005). Reasons for this large variation are unclear and not 
documented  but  are  likely  to  be  a  result  of  many  factors  such  as  habitat  and  the 
behaviour of the dolphins in these populations. Also the selection of what constituted a 
well marked animal might differ between studies and it is expected that the skills of the 
photographer and improvements in camera technology are also influential. 199 
 
The population of spinner dolphins in Hawaii is possibly the most extensively studied of 
this species. Around the main island the population has been estimated at between two 
and  three  thousand  individuals  (Norris  et  al.,  1994).  More  recent  studies  of  those 
inhabiting  the  outer  islands  of  Midway  and  Kure  atoll  have  considerably  smaller 
populations of 260 and 120 respectively (Karczmarski et al., 2005). At Moorea, French 
Polynesia  estimates  of  150  animals  (Poole,  1995)  were  reported,  similar  to  those  in 
Hawaii’s atolls.  Groups of up to 2000 animals have been observed in Brazil suggesting a 
local population of at least this size (Silva et al., 2005). The variation in population sizes 
could  be  a  reflection  of  the  different  habitat  types.  The  estimate  obtained  for  the 
population frequenting the south west coast of Mauritius is within the range of these 
estimates.  Three  Sighting  surveys  and  several  Opportunistic  surveys  were  conducted 
along  the  coast to  the north  of the  study  area  and  amongst  the  northern  islands  to 
determine whether other areas were used by spinner dolphins. Analysis of photographs 
of spinners seen in Port Louis, some 10km north of the study area, during a sperm whale 
survey  (Dulau-Drouot,  pers.  comm.,  2009)  resulted  in  twelve  matches  to  known 
individuals indicating that the study group was moving at least 40km along the coast. 
During the Sighting surveys three groups of spinner dolphins were found in similar bays in 
the north on two of the three days. Group sizes ranged from 15-30 and 80-100 animals. 
Photo-identification failed to find any matches between these animals and those within 
the study area but at least one match was found between days, amongst the northern 
groups. Further, several sightings of spinner dolphins (no photographs) occurred between 
the northern islands (pers. obs.) and have been reported by researchers based on Round 200 
 
Island (Baxter, pers. comm.) approximately 22km off the north coast. Though the data 
from the northern areas of Mauritius is limited, the lack of matching between the groups 
found in the study area and those seen in the north suggests, limited mixing between the 
two communities and/or local communities show fidelity to particular areas of the coast. 
Further study would need to be conducted before conclusions can be made. Dolphins are 
known  to  occur  in  other  places  around  the  island.  The  east  coast  of  the  island  has 
extensive lagoon areas but few bays that would be suitable for resting and socialising 
activities  of  the  spinner  dolphins.  In  addition,  the  east  coast  bathymetry  varies  less 
markedly than on the west coast, with the 1000m contour at greater distance from the 
coast and is generally more exposed to the easterly trade winds.  These conditions of 
limited access to resting sites and feeding areas that are more energetically expensive 
being further from the coast, suggest that this coastline may be less than optimal for 
spinner dolphins exhibiting the same behavioural patterns as those seen on the west 
coast. While the east coast maybe used, whether spinner dolphins occur off it as regularly 
as  they  do  on  the  west  is  unknown  and  requires  more  research.  As  animals  were 
identified on such a regular basis in the bays, and offshore surveys rarely encountered 
any  spinner  dolphins,  it  was  considered  unlikely  that  there  was  an  additional  ‘pool’ 
population which remains off the coast. The presence of other cetacean species such as 
pilot whales (Globicephala macrorhynchus) and pygmy killer whales (Feresa attenuata) in 
the area (MMCS, 2011) along with several shark species, would also suggest that the risk 
of predation for spinner dolphins remaining in open water would outweigh the energetic 
costs of moving between bays and feeding areas (Perrin, 1998; Lammers, 2004). 201 
 
Another  possible  limiting  factor  for  the  size  of  the  spinner  dolphin  population  is  the 
presence  of  Pantropical  spotted  dolphins  (Stenella  attenuata).  There  is  currently  no 
information on the diet of either spinners or spotted dolphins in Mauritius however; 
studies on the stomach contents of both species have found that there is considerable 
overlap in the prey species consumed (Wang et al., 2003; Silva et al., 2007). As it is known 
that prey abundance and distribution are influencing factors in regulating the size of a 
population and its distribution, it is possible that the overlap in prey preference between 
the spinner and spotted dolphins is influencing the population size of each. Very little is 
currently  known  about  the  movement  of  the  spotted  dolphins  or  their  numbers  and 
further investigation is required into their interactions with the spinner dolphins and how 
this could affect them both.   
Spinner dolphins appear to be affected by a number of variables within their habitat 
regarding the choice of rest area. Sightings of spinner dolphins occurred in a mean water 
depth  of  20m  but  there  was  variation  in  mean  depth  between  summer  and  winter 
seasons with groups staying in slightly deeper water during the summer months. The 
summer months are the rainy season in Mauritius and often result in significant amounts 
of debris and sediment being washed downriver to enter the bay areas (pers. obs.).  This 
can produce extensive plumes of cloudy water in the bay. Results have indicated that 
water  clarity  is  significantly  less  during the  summer  compared to  winter  months  and 
could perhaps explain the resultant shift in mean water depth.  It has been suggested that 
resting spinner dolphins prefer shallow (20m or less), clear water in protected areas with 
a flat, sandy bottom (Norris & Dohl, 1980; Ostman, 1994; Norris et al., 1994; Lammers, 202 
 
2004; Notabartolo di Sciara et al., 2009).  Gannier (2002; Gannier & Petiau, 2006) further 
suggested that turbid water negatively affected the presence of dolphins in a bay or 
caused them to stay at greater distance from shore. This agreed with the observations of 
Norris et al. (1994) in Hawaii where spinners were seen moving away from areas of dirty 
water. In Mauritius on several occasions dolphins were observed moving along the edge 
of the runoff plume but were reluctant to enter it and move into shallower water (pers. 
obs.) instead they would move further along the coast to find a more suitable site. Norris 
et al. (1994) describes the resting period as being dependant on vision in order to rest the 
sonar  and  as  such  clear  water  habitats  are  essential  for  predator  avoidance.  If  using 
clouded areas of water the spinner dolphins are effectively blind. The majority of the time 
the turbid water was limited to the surface layer as it was normally fresh water; this 
would therefore affect the dolphins surfacing pattern and ability to rest further.  
It is possible that the substrate also affects choice of bay. Poole (1995) reported that 
spinner dolphins in Moorea were reluctant to swim over darker substrate and tended to 
stay over areas of sand derived from reef erosion rather than darker river sand.  This 
could perhaps explain the preference of Mauritian spinners to use Point Moyenne Bay or 
Tamarin Bay rather than Black River.  Black River derives its name from the black sand it 
contains and a large area of the bay has a dark substrate.  In addition, this bay is the main 
anchorage of the south west coast which could contribute to the difference seen in use.  
Compared to Black River, Point Moyenne has excellent clarity, shallow water and clean, 
white, sandy substrate. However, it is substantially less protected as it is a shallow bay 
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when swell is up this can create back wash and surface turbulence in the area. During 
these conditions it is possible the dolphins use Tamarin Bay instead. Strong currents or 
turbulent water are thought to negatively affect the presence of dolphins in bays for 
resting (Norris  et al., 1994; Ostman, 1994; Gannier & Petiau, 2006). Spinner dolphins 
occur daily along this section of coast and while conditions in the bays are thought to be 
optimum they  were also sighted in all adjacent areas. As they are able to rest while 
travelling,  their  proximity  to  the  shore  suggests  that  shallow  water  is  the  primary 
attraction rather than any specific site (Lammers, 2004).  
Au and Perryman (1985) described preferred conditions of spinner dolphins to be sea 
surface temperatures (SST) of 25°C or more with little annual variation. Similar sighting 
conditions were reported in the Society Archipelago with spinner dolphins present year 
round and SST ranging between 24°C and 29/30°C (Gannier & Petiau, 2006).  The mean 
SST at spinner sightings was 25.9°C and fits with these previous observations. Records of 
SST in Mauritius vary only a few degrees throughout the year and temperatures for the 
west coast range from 23.6°C in July to 27.8°C in February/March (MMS, 2009). However, 
results  presented  here indicated a  significant difference  in SST between  summer  and 
winter.  This  did  not  appear  to  influence  spinner  dolphin  presence  or  area  use.  As 
mentioned in Chapter 3 it was noticed that the digital sonar was prone to heating and so 
gave a higher reading if not left in shaded areas or in the water long enough to adjust to 
an accurate reading.  While all precautions were made to limit this eventuality, it may 
have resulted in an upward bias of some summer readings and influenced the difference 
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5.4.2 Residency and Ranges 
Based  on  the  pattern  of  the  discovery  curve  for  the  spinner  dolphins  and  also  the 
frequency of re-sightings of known individuals, the population inhabiting the south west 
coast was considered to be resident. After the first twelve months of the study 86.7% of 
distinctively marked individuals had been recorded. After this time the discovery curve 
begins to plateau as less new animals are discovered and known individuals are being re-
sighted. If the same individuals are consistently using the area it is expected that re-
sighting rates would be high. Almost 50% of identified individuals were seen in all three 
years spanned by the study (2008, 2009, 2010) and 65% were re-sighted in three or more 
six monthly periods. Marten and Psarakos (1999) investigated individual identification of 
spinner dolphins off Oahu, Hawaii comparing data collected 20 years apart and found 
several matches. This long term data set suggests considerable fidelity and is backed up 
by similar studies conducted over 12 years in Moorea (Oremus, 2008), and others off 
Kona, Midway and Kure atolls, Hawaii (Norris et al., 1994; Ostman, 1994; Karczmarski et 
al., 2005). The lagged identification rates for the study population in Mauritius indicated 
that the population was essentially closed but individuals move out of the study area and 
then  return  every  few  days.    However,  this  pattern  is  possibly  an  artefact  of  the 
methodology as: 
1) depending on the trip type the focus generally remained on a single group for a survey 
day observing behaviour with boats and swimmers regardless of whether or not other 
groups were in adjacent sites and  205 
 
2) surveys were not conducted on consecutive days but were normally every two days to 
four days.   
This would result in animals being missed and therefore interpreted as having left the 
area  thus  influencing  the  lagged  identification  rates.  Continuation  of  the  research  by 
conducting  transect  surveys  to  cover  the  entire  study  area  on  a  regular  basis  would 
reduce the affects of any sampling bias. It was observed that groups at Morne were 
generally larger and some animals tended to be sighted in this area more often than in 
the Bays. This could indicate an adjacent sub-population and the movement indicated by 
lagged  identification  rates  could  be  from  animals  which  belong  to  this  adjacent  area 
moving in and out of the study population for short times when they overlap. This could 
also  explain the  decrease  seen  after  100  days.  The temporal  models are  not  able  to 
distinguish between mortality and emigration so both are included in the explanation. 
However, given that no mortality was recorded during the study and the relatively short 
duration  of  the  study,  it  is  more  likely  that  the  decrease  in  numbers  indicates  a 
movement of animals out of the study area. In addition, during the last three Focal trips, 
four new well marked animals were added to the catalogue suggesting influx from an 
adjacent population.  
The  95%  utilisation  distribution  of  groups  was  53.0km
2.  This  area  is  considered  the 
daytime range as it only represents the portion of their total range used for resting and 
socialising during the morning hours. It is expected that the total range of the spinner 
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afternoon and night in order to feed (Norris et al., 1994). Spinner dolphins were observed 
along the entire 30 km length of coast included in the study area on a regular basis. In 
addition, photographs identifying known animals in Port Louis harbour, revealed that the 
same population of dolphins were also travelling further north along the coast, giving an 
along  shore  movement  of  approximately  40km.  Karczmarski  et  al.  (2005)  observed 
spinner dolphins moving between Hawaiian atolls separated by 96km of open sea, while 
Oremus (2008) reports distances of several hundred kilometres travelled while moving 
between  islands  of  French  Polynesia.    These  distances  imply  that  the  dolphins  of 
Mauritius  are  not  only  capable  of  moving  around  the  island  but  also  between  the 
northern islands and as far as Reunion Island approximately 200km to the south west 
(Dulau-Drouot et al., 2008). This has considerable implications for the genetics of both 
the Mauritian population and the region and will be discussed in the next chapter.  
Results from both the sightings rates and 50% utilisation distribution of groups indicated 
that Point Moyenne Bay and Tamarin Bay were important areas for this species. Details 
on  behaviours  recorded  in  these  areas  suggest  socialising  and  resting  make  up  the 
majority of time spent in the bays (MMCS, 2010).  The diurnal pattern of resting in bays 
during  the  day  and  moving  offshore  to  feed  in  the  afternoon  and  evening  is  well 
documented  for  this  species  (e.g.  Norris  et  al.,  1994;  Ostman,  1994;  Poole,  1995; 
Lammers, 2004; Notabartolo di Sciara et al., 2009). It was expected that Bay areas would 
be significant areas and this was reflected in the high sighting rates in these sites. Point 
Moyenne and Tamarin bays had the highest sighting rates and Tamarin was significantly 
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reasons  for  this  apparent  preference  could  be  slightly  different  physical  and 
environmental  conditions  between  these  areas  such  as  substrate,  water  clarity  and 
turbulence as discussed above. Food availability is a strong influencing factor for habitat 
use (Danil et al., 2005). Examination of the bathymetry along this area of coast revealed 
that the deep water is closest to the coast between Tamarin and Flic en Flac and also off 
the south coast near Morne. The proximity of Point Moyenne, Tamarin Bay and Morne 
(1.24 groups hr
-1)
 to these possible foraging areas is a likely reason for the high use of 
these sites but further investigation of the movement of animals in the afternoon and 
evening would be required to verify this. 
Additionally there is the anthropogenic activity to consider, as Black River is a high use 
area for boats and this could influence the presence of dolphins. Consideration should 
also be given to methodology; on occasion the dolphin watching boats or reports from 
skippers triggered our detection of dolphins. Further, while efforts were made to cover 
the entire study area as evenly as possible sea and weather conditions, along with the 
focus of the survey for the day, influenced ability to detect animals and area coverage. 
However, corrections for effort should have accounted for this. For example, conditions 
at Morne were generally worse than those for the rest of the sites due to its exposure to 
southern and easterly winds, swell and open sea. Regardless of these factors, this site still 
had a relatively high sighting rate suggesting that this area offers conditions that the 
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5.4.3 Awareness and explanation of data limitations 
The limitations discussed in Chapter 3 in relation to the bottlenose dolphins also apply to 
the spinner dolphins as all data was collected and treated the same way.   
5.5 Conclusion 
The high degree of site fidelity indicated by the re-sighting frequencies and the discovery 
curve raise concerns for this population. This fidelity means that the same animals are 
being subjected to high levels of anthropogenic activity on a daily basis which could result 
in a reduction of resting time and other essential activities and impact on overall fitness 
of individuals and the population in the long term. The implications of these impacts will 
be discussed in Chapter 7. Continuation of the monitoring and an extension of the area 
under study are recommended to ensure any changes are detectable. This would also 
result in a better understanding of the spatial and temporal distribution of the spinner 
dolphins and the total island population size. It is important however, that immediate 
measures  are  taken  to  limit  the  impacts  of  the  anthropogenic  activities  on  this 
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6   Population and social structure of spinner dolphins.  
 
6.1 Introduction 
The  socioecology  of  mammals  has  been  studied  extensively  over  many  taxa  (e.g. 
Wittemyer et al., 2005; van Hoof & Wensing, 1987; Robbins et al., 1991; van der Jeugd & 
Prins, 2000).  There is considerable variation in the behaviour within species over broad 
geographic areas. This flexibility in social structures is commonly thought to be a response 
to environmental variability (Bilgmann et al., 2007; Karczmarski et al., 2005; Wiszniewski 
et  al.,  2010).  While  marine  mammals,  and  in  particular  cetaceans  have  not  had  the 
benefit of detailed studies to the extent of terrestrial mammals, there are examples to 
illustrate a similar flexibility of behaviour and social structure (Karczmarski et al., 2005; 
Bilgmann  et  al.,  2007;  De  Stephanis  et  al.,  2008).  Both  bottlenose  dolphins  (Tursiops 
truncatus)  and  humpback  dolphins  (Sousa  chinensis)  display  social  stability  and  site 
fidelity when in relatively protected environments such as those of Sarasota Bay, Florida 
(Wells, 1991) and Maputo Bay, Mozambique (Guissamulo & Cockcroft, 2004). However, 
when found in open coast habitats social structure is more fluid and movement patterns 
appear to be greater (Defran & Weller, 1999; Karczmarski, 1999). The social organisation 
of a population is a reflection of its individuals having found a system which allows a 
balance in the demands of energy intake, safety and reproductive needs. Determining 
association  rates  allows  us  to  quantify  of  the  importance  of  group  stability  to  social 
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Spinner  dolphins  are  found  throughout  tropical  and  subtropical  oceans  normally  in 
association with islands or atolls (Norris  et al., 1994; Perrin, 1998). Few studies have 
detailed the social and genetic structures of this species. What is known comes from 
limited  studies  around  the  Hawaiian  archipelago  (Ostman,  1994;  Norris,  et  al.,  1994; 
Lammers, 2004; Karczmarski et al., 2005; Andrews et al., 2010), Brazil (Silva et al., 2005), 
Red Sea (Notabartolo di Sciara et al., 2009) and French Polynesia (Poole, 1995; Oremus, 
2008) .  While all populations follow a similar daily pattern of movement (Chapter 5) the 
social structure of each is considerably different.  In French Polynesia group size and 
composition  around  Moorea  changes daily  in  the typical  fission-fusion  society  (Poole, 
1995;  Oremus  et  al.,  2007).  Through  the  Hawaiian  Islands  the  habitat  variability  has 
resulted  in  different  social  systems.    In  the  remote  areas  of  Midway  and  Kure  atolls 
spinner dolphins show site fidelity and stable groups (Karczmarski et al., 2005) compared 
to those groups found around Hawai’i Island (Big Island) which exhibit similar structures 
to those described for Moorea (Norris et al., 1994; Ostman, 1994). 
Photo  identification  (photo-ID)  is  a  valuable  and  practical  method  for  obtaining 
abundance  estimates  of  a  population.  These  same  data  can  give  an  insight  into  the 
associations  and  subsequently  the  social  relationships  and  structure.  However,  this 
approach  is  not  necessarily  practical  in  the  temporal  scale  required  when  looking  at 
population structure of long-lived animals. Genetic approaches can give historical and 
contemporary structure across generations (Oremus, 2008). In order to get a complete 
picture  of  the  social  structure  of  a  population  consideration  must  be  given  to  both 211 
 
demographic  and  genetic  structure.  Combining  the  two  gives  valuable  insights  into 
reproductive and social boundaries within and between populations.  
The social structure of cetaceans is the result of a complex interaction between habitat, 
predation pressures and access to resources (Gowans et al., 2008; Andrews et al., 2010). 
This in turn can affect genetic structure of a population through differences in dispersal 
patterns, group size and stability along with the sex and relatedness of group members 
(Andrews et al., 2010). Dizon et al. (1991) reported that the good management of marine 
mammal populations requires genetic knowledge of the ‘breeding units’ and the spatial 
and temporal aspects of the population.  High rates of dispersal can lead to low genetic 
variation  between  populations  separated  by  large  distances.  However,  within  the 
cetaceans this is not necessarily true, genetic structure appears to be highly influenced by 
both habitat and social structure.  High site fidelity can result in limited movement and, 
subsequently,  gene  flow  between  neighbouring  populations  thereby  maintaining  high 
levels of differentiation (Parsons et al., 2002; Moller et al., 2007). 
Recent genetic studies on the structure of the populations in French Polynesia and Hawaii 
have established that the different social systems influence the genetic structure of these 
populations (Oremus et al., 2007; Andrews et al., 2010). Andrews et al. (2010) found that 
genetic diversity was lower in the populations with stable groups and small populations, 
but these populations tended to have the greater rates of dispersal. In addition there was 
a significant relationship between distance between islands and the variation in genetic 
structure suggesting that dispersal is limited by oceanic ‘gaps’ (Andrews et al., 2010).  In 212 
 
Moorea, Oremus et al. (2007) describes a social structure similar to the remote atolls of 
Hawaii  but  with  considerable  genetic  structure.    This  would  suggest  that  geographic 
isolation is not such an influencing factor in closure of small populations.    
In this chapter the social structure will be characterised by examining the group sizes, 
proportion of calves, associations between identified individuals and genetic structure of 
the spinner dolphins of Mauritius. Characterising the social structure through analysis of 
associations and genetic structure, and combining this with the results of site fidelity 
(Chapter  5)  will  provide  valuable  information  on  the  ecology  and  evolution  of  this 
population. It will also assist in comparisons to other island associated populations and 
the identification of biological units important for conservation and management.    
6.2 Methods  
In general, methods and approaches have been described previously (Chapter 4) with the 
following adaptations: 
6.2.1 Group size and composition 
 Analysis of social structure was investigated using photo-identification data collected on 
Focal, Sighting and Opportunistic trips as described in Chapter 4. A definition of a group 
was given in Section 3.2.4 and remained the same for this Chapter. 
While in the field group size was estimated by visual counts to give a minimum and 
maximum  number  of  individuals.  The  average  of  these  was  used  for  all  further 
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Group  composition  was  divided  into  adults,  calves  and  newborns  with  the  following 
definitions. An adult was 1.5-2m in length; a calf was up to two thirds the length of an 
adult and in regular association with an adult. Newborns were half or less the length of an 
adult and in constant, close association with an adult, sometimes displaying foetal folds. 
The proportion of calves in the population was calculated according to methods described 
in Section 5.2.1. 
6.2.2 Associations and community divisions 
The half weight indices were chosen as the measure of association because they account 
for  missed  identifications.  Also,  half  weight  methods  are  more  appropriate  for  larger 
groups  and  when  comparing  to  other  studies,  as  this  method  is  used  more  often 
(Whitehead, 2008).  Half weight indices were calculated for pairs of individuals seen five 
times or more over the course of the study. 
In order to accurately estimate association indices of identified animals, a total of 244 
well  photographed  encounters  were  selected.  Once  restrictions  were  applied  to  take 
account of only individuals seen five or more times, 138 encounters and 55 individuals 
were included for calculation of association rates.   
6.2.3 Genetics  
Table 6.1 displays the characteristics of the 27 microsatellites amplified for S. longirostris 
population analysis. As no other populations were available for comparison at the loci 
analysed, the between population analyses were not conducted.  
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Table 6.1:   The  characteristics  of  the  27  microsatellite  loci  amplified  in  Stenella 
longirostris. MP represents the multiplex polymerase chain reaction (PCR) mixture 
number. 
 
Primer 
Name 
Repeat Motif 
Locus 
size (bp) 
No. of 
alleles 
MP.  Reference 
E12  Tetranucleotide  250-285  6  MP1  Natter (2008) 
MK6  Dinucleotide  140-190  15  MP1  Krützen et al. (2001) 
Tur4_105  Tetranucleotide  380-405  6  MP1  Natter (2008) 
Tur4_108  Tetranucleotide  245-275  3  MP1  Natter (2008) 
Tur4_111  Tetranucleotide  285-315  5  MP1  Natter (2008) 
Tur4_117  Tetranucleotide  160-200  7  MP1  Natter (2008) 
Tur4_128  Tetranucleotide  280-315  5  MP1  Natter (2008) 
Tur4_66  Tetranucleotide  175-205  3  MP1  Natter (2008) 
Tur4_98  Tetranucleotide  170-205  5  MP1  Natter (2008) 
D22  Dinucleotide  105-130  8  MP2  Shinohara et al. (1997) 
D8  Tetranucleotide  320-330  2  MP2  Natter (2008) 
F10  Tetranucleotide  375-400  6  MP2  Natter (2008) 
Tur4_138  Tetranucleotide  205-235  6  MP2  Natter (2008) 
Tur4_141  Tetranucleotide  205-245  2  MP2  Natter (2008) 
Tur4_87  Tetranucleotide  175-200  5  MP2  Natter (2008) 
Tur4_91  Tetranucleotide  185-240  10  MP2  Natter (2008) 
Tur4_162  Tetranucleotide  395-435  4  MP3  Natter (2008) 
MK9  Dinucleotide  155-180  7  MP3  Krützen et al. (2001) 
MK5  Dinucleotide  205-230  10  MP3  Krützen et al. (2001) 
Tur4_132  Tetranucleotide  325-350  5  MP3  Natter (2008) 
KWM12  Dinucleotide  155-190  11  MP3  Hoelzel et al. (1998) 
Tur4_80  Tetranucleotide  295-325  7  MP3  Natter (2008) 
MK3  Dinucleotide  135-170  8  MP3  Krützen et al. (2001) 
Tur4_142  Tetranucleotide  315-345  7  MP3  Natter (2008) 
Tur4_153  Tetranucleotide  205-225  3  MP3  Natter (2008) 
MK8  Dinucleotide  90-110  7  MP3  Krützen et al. (2001) 
EV 37  Dinucleotide  175-230  11  MP3  Valsecchi & Amos (1996) 
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6.3 Results 
6.3.1 Group size 
Groups of spinner dolphins encountered during this study (n=244) ranged from 1-225 in 
size (mean 52.4 (1.9 s.e.), mode 35), and 47% of the groups had between 30 and 60 
individuals (Figure 6.1). The average group size did not change between years 1 and 2 of 
the study (mean 1= 53.4 (3.4 s.e.), mean 2= 50.4 (2.0 s.e.), t=0.76, p=0.45) (Figure 6.2). 
 
 
Figure 6.1:  Distribution of group sizes for S. longirostris between April 2008 and June 
2010.  
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Figure 6.2:  Distribution of group sizes for S. longirostris for the periods April 2008 to 
March 2009 (blue), April 2009 to March 2010 (red). 
 
Box plots of the estimated group size for each month showed little variation, with most 
having a median value around 50 (Figure 6.3). The monthly ranges also displayed little 
difference with the exception of May and December when larger groups of up to 200 
individuals were recorded. Months were pooled for the length of the study period and 
mean monthly group sizes calculated. Mean group size per month ranged from 41.4 (4.6 
s.e.) during February (n=19) to 59.1 (8.8 s.e.) in May (n=20). There was no significant 
difference  found  between  the  mean  values  for  each  month  (Welch  F  test:  F=0.80, 
df=86.93, p=0.64).   
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Figure 6.3:   Distribution of the group size estimates of S. longirostris for each month 
when pooled between April 2008 and June 2010.   Internal line represents 
the median, the box depicts the 25-75% quartiles and extended lines show 
the minimum and maximum values. 
 
Spearmann’s test was used to determine whether there was a relationship between (i) 
group  size  and  water  clarity  and  (ii)  group  size  and  depth.  Both  tests  resulted  in  no 
significant  evident  relationship  with  group  size (depth: Spearmann’s  r=-0.004,  p=0.97; 
clarity:  Spearmann’s  r=0.006,  p=0.95).  There  was  however,  a  very  strong  positive 
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correlation between depth and water clarity (Spearmann’s r=0.65, p<0.01) with clarity 
increasing with depth as seen in Chapter 5. 
There  was  no  evidence  that  the  spinner  dolphin  group  size  varied  between  seasons 
(Kruskal-Wallis  Ho:  0.05,  Hc:  0.05,  p=0.83).  During  summer  the  encountered  dolphin 
groups (n=116) had a mean size of 52.1 (s.e. 2.7) while winter (n= 128) was 52.6 (s.e. 2.5). 
This  was  also  true  when  seasonal  group  size was  investigated  within  each  12  month 
period. In the first year the mean group size during summer was 53.6 (s.e. 4.9) and 53.2 
(s.e. 4.5) for winter (Kruskal-Wallis: Ho: 0.04, Hc: 0.04, p=0.85), while in the second year 
mean  group  sizes  were  49.7  (s.e.  3.1)  and  51.1  (s.e.  2.7)  for  summer  and  winter 
respectively (Kruskal-Wallis: Ho: 0.05, Hc: 0.05, p=0.83). 
6.3.2 Group size by location 
The largest groups were found at the southern end of the study area at Morne. On one 
occasion a very large group with an estimated 250 individuals was initially sighted and 
recorded at Preneuse. This group was travelling to the south and eventually stopped in 
the  Morne  site.    The mean  group  sizes  for  each  site  ranged  from  44.2  (10.8  s.e.)  at 
Benitier to 69.9 (6.6 s.e.) at Morne (Table 6.2). While the three bays all had mean group 
sizes  in  the  high  forties  they  also  recorded  groups  of  up  to  110  individuals.  Tests 
comparing the size of groups between sites found there was no significant difference 
(Welch  F  test:  F=1.86,  df=65.72,  p=0.09)  between  the  estimated  mean  group  sizes. 
However, Tukey pair-wise comparisons found Morne to have significantly larger groups 
than Benitier (p=0.04).  
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Table 6.2:  Mean group size estimates of S. longirostris for each of the sites from Point 
Moyenne at the northern end of the study area to Morne in the south. 
Site  Mean (s.e)  n  Median  Total range 
Pt Moyenne  46.1 (4.7)  26  42.5  15-120 
Flic en Flac  46.6 (4.7)  20  47.5  10-100 
Tamarin Bay  50.4 (2.5)  80  45.0  1-120 
Preneuse  49.5 (8.4)  26  42.5  5-250 
Black River Bay  47.9 (3.3)  31  50.0  10-100 
Benitier  44.2(10.8)  10  35.0  4-150 
Morne  69.9 (6.6)  32  70.0  15-200 
Other  61.3 (6.9)  19  55.0  10-120 
 
The mean group sizes for each zone ranged from 47.5 (4.6 s.e.) in the Open coast zone to 
69.9 (6.6 s.e.) at Morne (Table 6.3). Tests comparing the mean group size between zones 
found there was a significant difference (Welch F test: F=3.99, df=54.24, p=0.01). Tukey 
pair-wise comparisons found Morne to have significantly larger groups than Bay or Open 
coast areas (Bays: p<0.01, Open coast: p<0.01). 
Table 6.3:  Mean group size estimates of S. longirostris for each of the zones. 
Zone  Mean (s.e)  n  Median  Total range 
Bays  49.0 (1.9)  137  45.0  1-120 
Open coast  47.5 (4.6)  56  45.0  4-250 
Morne  69.9 (6.6)  32  70.0  15-200 
Other  61.3 (6.9)  19  55.0  10-120 
 
Between year comparisons of the group sizes recorded at each of the sites revealed little 
variation  (Table  6.4)  (Year  1:  Welch  F  test:  F=1.49,  df=22.01,  p=0.22;  Year2:  F=1.05, 
df=26.39, p=0.42). In both years the largest groups were seen at Morne (mean1= 72.3, 220 
 
s.e. 9.7; mean 2=60.8, s.e. 7.1) while the smallest groups were at Benitier in the first year 
(mean 37.5, s.e. 16.3) and Preneuse in the second (mean 39.5, s.e.5.2).  
 
Table 6.4:  Between year comparison of mean group size estimates of S. longirostris at 
each site.  
Site  Mean (s.e)  n  Median  Total range 
Pt Moyenne  Yr1 48.3 (7.3)  13  45.0  22.5-110 
  Yr2 46.5 (6.2)  12  42.5  17.5-90 
Flic en Flac  39.3 (6.2)  11  35.0  15-70 
  55.6 (5.5)  8  60.0  25-70 
Tamarin Bay  49.0 (5.3)  23  35.0  17.5-110 
  50.7 (3.1)  49  50.0  1-90 
Preneuse  68.2 (17.7)  11  50.0  25-225 
  39.5 (5.2)  14  42.5  7.5-65 
Black River Bay  44.1 (3.8)  11  45.0  25-70 
  47.9 (4.4)  19  50.0  15-75 
Benitier  37.5(16.3)  3  22.5  20-70 
  54.2 (14.9)  6  42.5  25-125 
Morne  72.3 (9.7)  13  55.0  30-125 
  60.8 (7.1)  13  70.0  20-110 
Other  60.0 (10.6)  10  52.5  15-110 
  58.0 (14.0)  5  55.0  25-90 
 
A similar pattern was seen when comparisons were made between zones for each year 
(Table 6.5). Group sizes showed little disparity either between zones within each year 
(Year 1: Welch F test: F=2.08, df=25.04, p=0.13; Year2: F=0.94, df=14.86, p=0.45), or for 
each zone between years. The zones of Morne and Other had the largest group sizes in 
both years while Open coast had the greatest range of sizes.  
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Table 6.5:   Between year comparison of mean group size estimates of S. longirostris at 
each zone. 
Zone  Mean (s.e)  n  Median  Total range 
Bays  Yr1 47.7 (3.3)  47  45.0  17.5-110 
  Yr2 49.4 (2.3)  80  45.0  1-90 
Open coast  51.8 (8.7)  25  45.0  15-225 
  47.2 (4.4)  28  50.0  75-125 
Morne  72.3 (9.7)  13  55.0  30-125 
  60.8 (7.1)  13  70.0  20-110 
Other  60.0 (10.6)  10  52.5  15-110 
  58.0 (14.0)  5  55.0  25-90 
 
6.3.3 Group composition 
Of the 189 groups included in the analysis of group composition, 42 had no calves, 169 
(89%) had some calves, and calves were present every month of the year (Figure 6.4). 
There was little variation between months to indicate any peak in breeding, however the 
proportion of groups that contained calves was lowest in October and November (4%) at 
the beginning of summer, and highest in June (14%). Forty percent of the groups seen 
containing calves were recorded during the summer months but there was little variation 
between seasons (Figure 6.5).  222 
 
 
Figure 6.4:  Monthly  distribution  of  S.  longirostris  groups  containing  calves  as  a 
proportion of the 167 groups recorded between April 2008 and June 2010. 
 
 
Figure 6.5:   Seasonal comparison of the proportion of S. longirostris groups for each 
Category by percentage of calves; where summer is blue and winter is red. 
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The majority of groups contained between 0 and 10% calves (Figure 6.6).  The average 
percentage of calves per group was 10.8 (1.0 s.e.) for the first twelve months and 8.3 (0.7 
s.e.) for the second. During the first year (n=74) only seven (9%) groups did not contain 
calves  (Figure  6.7).    The  majority  of  groups  with  calves  (64%)  contained  a  maximum 
estimate of 10% calves. Similar results were obtained during the second year of the study 
with no calves in 14 (15%) of the 95 groups encountered. Over half (58%) of the groups 
containing calves had a maximum estimate of 10% calves.  
 
Figure 6.6:   Proportion of  S. longirostris groups for each Category by percentage of 
calves between April 2008 and June 2010. Categories are 0% calves, 0-10%, 
10-20% and 20-30%. 
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Figure 6.7:   Proportion of  S. longirostris groups for each Category by percentage of 
calves  compared  between  April  2008  and  March  2009  (blue)  and  April 
2009 and March 2010 (red). Categories are 0% calves, 0-10%, 10-20% and 
20-30%. 
 
Groups containing calves were recorded at all sites. As expected due to the high number 
of sightings at Tamarin Bay, this site also had the highest number of groups with calves; 
31% of all calf groups (n=167).  Eighty two percent of groups at Tamarin Bay contained 
calves.  This  was  the  minimum  for  any  of  the  sites.  The  maximum  was  96%  at  Point 
Moyenne. However, investigation of sighting rates indicated that the sites Other (0.87 
sightings hr
-1) and Point Moyenne (1.56 sightings hr
-1) had higher rates than Tamarin Bay 
(0.82 sightings hr
-1) (Figure 6.8). Benitier had the least with only 3% of calf groups and the 
lowest sighting rate of 0.16 calf groups hr
-1.  Overall, there was little change between 
years (Kruskal Wallis: H=0.04, Hc=0.04, p=0.83), only Other displayed a notable decrease 
in sighting rate (Figure 6.9). 
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Figure 6.8:   Comparison  of  sighting  rates  for  groups  with  calves  for  S.  longirostris 
between each site for the period April 2008 to June 2010. 
 
 
Figure 6.9:  Between year comparison of sighting rates for groups with calves for S. 
longirostris between each zone for the periods April 2008 to March 2009 
(Blue) and April 2009 to March 2010. 
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Comparison of sighting rates of groups with calves in the zones indicated that Other had 
the highest (0.87 sightings hr
-1), despite 86% of groups with calves being observed in Bays 
(Figure 6.10).  Open coast areas had the lowest sighting rate (0.32 sightings hr
-1).  
 
Figure 6.10:   Comparison  of  sighting  rates  for  groups  with  calves  for  S.  longirostris 
between each zone for the period April 2008 to June 2010. 
 
 
6.3.4 Associations and community division 
In order to accurately estimate association indices of identified animals a total of 244 well 
photographed encounters were selected.  From these encounters the median number of 
sightings for identified individuals was six. Individuals that were seen five or more times 
were selected for social analysis, 55 animals met this criterion, from a population size of 
83 identified individuals. 
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Association indices ranged from 0.0 when they were never seen together to 0.8 with a 
mean of 0.14 (0.05 s.d.) indicating that the majority of animals had few or no regular 
associates  (Figure  6.11).  Distribution  of  association  indices  for  all  sighted  individuals 
(n=3025) were more frequent at low numbers with most dolphins showing low or no 
association at all.  Very few animals had high association rates. The sum of associations 
per individual (typical group size) averaged 8.43 (2.56 s.d.) and the maximum associations 
per individual averaged 0.47 (0.13 s.d.). 
Less than 1% (n=17) of the total possible associations had association levels of 0.5 or 
more demonstrating that they spent more than half their observed time together. 
The  coefficient  of  variation  (CV)  of  the  true  association  indices  using  the  maximum 
likelihood method was 0.61 indicating that the population has some differentiation. With 
a mean of 2.87 associations per dyad, the correlation between the true and estimated 
association indices was 0.68 giving a reasonably strong power to detect the correct social 
system.  228 
 
 
Figure 6.11:   Distribution  of  values  of  half-weight  association  indices  for  55  S. 
longirostris identified on five or more occasions between April 2008 and 
June 2010. 
 
Tests for preferred and/or avoided associations resulted in the mean standard deviation 
of real associations being significantly higher than that calculated for the random data 
(mean  s.d.  real=0.12,  random=0.12,  p<0.01)  (CV  real=0.89,  random=  0.88,  p<0.01) 
suggesting the presence of long-term preferred relationships. In addition, the proportion 
of non-zero associations indices was lower in the real data (real=0.78) than in the random 
(random=0.78) but was not significantly different (p=0.29) implying that animals did not 
actively avoid each other. 229 
 
Cluster analysis by modularity accounting for gregariousness of individuals delineated five 
clusters and had a maximum value of 0.14. Maximum modularity using the permutation 
method which clusters individuals by preferred/avoided associations was lower at 0.002.  
Both values were lower than the suggested cut off of 0.3 which would indicate good 
community  division  (Newman,  2004;  Whitehead,  2008a).  The  average  linkage  cluster 
analysis gave a cophenetic correlation coefficient of 0.77 suggesting that the dendogram 
produced  from  these  data  was  not  a  reliable  representation  of  the  social  structure 
(Whitehead, 2009b). 
Further tests of community division in Netdraw (Borgatti, 2002) using a Girvan-Newman 
method for two to ten divisions all gave modularity of less than 0.01.  This was a strong 
indication that all individuals included in the analysis were part of a single community 
(Figure 6.12). 
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Figure 6.12:   Network of associations of 55 distinctively marked individuals of S. longirostris identified on five or more occasions. Node 
size indicates measure of eigenvector or how central to the network individuals are. Numbers represent animal catalogue 
ID. 231 
 
6.3.5 Standardised lagged association rates 
Standardised lagged associations rates were calculated to determine the stability of the 
associations between all 83 distinctively marked spinner dolphins. Temporal stability of 
the  associations  within  groups  for  all  reliably  identifiable  individuals  was  higher  than 
expected by chance, staying above the null and stabilised after an initial decline (Figure 
6.13). When the predefined models were fitted to the observed data, that of ‘two levels 
of casual acquaintances’ was considered the best fit (Table 6.6). However, ΔQAIC values 
indicate that there was some support for the models describing ‘Casual acquaintances’ 
and  ‘constant  companions  +  casual  acquaintances’.    All  three  models  provide further 
evidence that there were preferential associations amongst individuals of the population, 
and support other results for a closed, resident population.  
Values for the model of best fit revealed that the short term data, that between 2 and 6 
days,  was  not  a  good  representation  as  demonstrated  by  the  comparatively  large 
standard errors of  1 (5.34 ± 15.53) and  3 (3.02 ± 17.79). These represent the time 
spent together and the percentage of individuals respectively. However, the long term 
associations given by  2 and  4 gave a good account of the data with small standard 
errors. Values suggested that almost 3% (0.90 s.e.) of the identified animals had long term 
acquaintances which lasted for considerably longer than the study period (19.57 years 
(16.11 s.e.)). 232 
 
 
 
 
Table 6.6:   Model  selection  for  standardised  lagged  association  rates  for  S.  longirostris.  Lowest  Quasi  Akaike  Information 
Criterion (QAIC) value indicates which model best explains the data and the difference in QAIC scores from the best 
model  (Δ  QAIC).  The  four  parameters  estimated  by  the  best  model  (bold)  are  time  together  for  short  term 
associations ( 1), proportion of long term associates in the population ( 2), time together for long term associations 
( 3) and the proportion of long term associates in the population ( 4). The time lag is represented by (td). 
Model  Explanation  QAIC  ΔQAIC   
 1  Constant companions  71943.6718  6.8945  No support 
 2*exp(- 1*td)  Casual acquaintances  71939.6715  2.8942  Some support 
 2+ 3*exp(- 1*td)  Constant companions + casual acquaintances  71939.3991  2.6218  Some support 
 3*exp(- 1*td)+ 4*exp(- 2*td)  Two levels of casual acquaintances  71936.7773  0.0000  Best 233 
 
 
 
Figure 6.13:   Standardised  lagged  association  rate  for  all  (n=83)  distinctively  marked 
individuals of S. longirostris with jackknifed estimates of precision. The plot 
shows the probability of associations persisting after increasing time lags. 
The null rate (blue) represents the association rates if dolphins associated 
at  random.  The  best-fit  curve  (red),   3*exp(- 1*td)+  4*exp(- 2*td), 
based on maximum likelihood, represents a population with two levels of 
casual acquaintances. Where,  1 = 5.34 (15.53 s.e.),  2 = 0.0001 (0.0002 
s.e.),  3 = 3.02 (17.79 s.e.) and  4 = 0.03 (0.90 s.e.). 
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6.3.6 Genetic Analysis 
A  total  of  38  spinner  dolphin  samples  were  collected  and  analysed  for  population 
structure. Twenty five samples were from 5 sites within the study area plus one from a 
stranded animal on the east coast of the island and 11 from the open sea and adjacent to 
the study area on the west and south coasts. Sixteen samples were obtained from the 
Morne area, 5 from Tamarin Bay, 2 from Flic en Flac, 2 from Point Moyenne Bay and one 
from  Black  River  Bay.  The  sex  was  determined  for  each  of  the  38  samples  giving  10 
females and 25 males; three samples only showed Y and so were thought to be males. 
Mitochondrial DNA (mtDNA) analysis revealed a total of twelve haplotypes, three of these 
were represented by a single sample (Figure 6.14 and 6.15); one of these was possibly 
from Stenella attenuata when sampling a mixed group. Three samples did not result in a 
haplotype.  
 
Figure 6.14:   Distribution of haplotypes from mtDNA analysis of 35 S. longirostris 
samples. The star indicates a possible S. attenuata. 
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Figure 6.15:  The relationships between 35 individuals of S. longirostris from Mauritius. 
The optimal tree  with the  sum  of  branch  length  = 0.069  is  shown.  The 
percentage  of  replicate  trees  in  which  the  associated  taxa  clustered 
together  in  the  bootstrap  test  (500  replicates)  are  shown  next  to  the 
branches. The tree is drawn to scale, with branch lengths in the same units 
as those of the evolutionary distances used to infer the phylogenetic tree. 
The evolutionary distances were computed using the Kimura 2-parameter 
method  (Kimura,  1980)  and  are  in  the  units  of  the  number  of  base 
substitutions per site. Labels are the sample number, * indicates a possible 
S. attenuata, ** indicates a duplicate sample. 
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All the 27 microsatellite loci were moderately polymorphic, containing between 2 and 15 
alleles per locus (6.44  0.58) and heterozygosity (He) values ranging from 0.10 to 0.87 
(0.64  0.04; Table 6.7). Examination of Hardy Weinberg equilibrium found 3 loci were 
significantly different to expected (Tur4_128: p<0.05, D8: p<0.01 and Tur4_87: p<0.01). 
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Table 6.7:  Measures of genetic variability in S. longirostris; mean observed (NA) and 
mean  expected  number  of  alleles  (NE),  mean  observed  (Ho)  and  mean 
expected heterozygosity (He) for the 27 polymorphic microsatellite markers 
chosen for this study. Markers that were significantly different to Hardy 
Weinberg equilibrium are highlighted in grey. 
 
Primer Name  NA  NE
  Ho  He 
E12  6  2.74  0.62  0.64 
MK6  15  7.28  0.89  0.87 
Tur4_105  6  2.83  0.53  0.66 
Tur4_108  3  1.32  0.27  0.25 
Tur4_111  5  1.62  0.44  0.39 
Tur4_117  7  3.67  0.84  0.74 
Tur4_128  5  3.04  0.61  0.68 
Tur4_66  3  1.73  0.39  0.43 
Tur4_98  5  2.80  0.71  0.65 
D22  8  4.06  0.78  0.76 
D8  2  1.11  0.05  0.10 
F10  6  3.97  0.82  0.76 
Tur4_138  6  3.61  0.68  0.73 
Tur4_141  2  1.43  0.26  0.31 
Tur4_87  5  2.36  0.47  0.58 
Tur4_91  10  6.46  0.79  0.86 
Tur4_162  4  2.60  0.61  0.62 
MK9  7  4.54  0.95  0.79 
MK5  10  4.42  0.74  0.78 
Tur4_132  5  3.72  0.82  0.74 
KWM12  11  3.79  0.74  0.75 
Tur4_80  7  3.93  0.71  0.76 
MK3  8  6.09  0.89  0.85 
Tur4_142  7  4.48  0.87  0.79 
Tur4_153  3  1.24  0.18  0.20 
MK8  7  5.31  0.87  0.82 
EV 37  11  5.34  0.80  0.82 
Mean (s.e.)  6.44 (0.58)  3.54(0.32)  0.64(0.05)  0.64 (0.04) 
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Genetic Bottleneck 
The Wilcoxon tests for a bottleneck using allele frequencies of microsatellite loci showed 
no  evidence  of  a  recent  population  decline.  No  significant  heterozygosity  excess  was 
found  (one  tailed,  p=0.19),  and  the  distribution  of  allelic  frequencies  did  not  show 
significant departure from a standard L-shape in the mode-shift test, indicating no loss of 
rare  alleles  in the  population  (Figure  6.16).  Estimates of  effective  population  size  and 
bottlenecking from 27 microsatellite loci gave 166 breeding individuals (95% CI 80 – 182). 
 
 
Figure 6.16:   Distribution of allele classes for S. longirostris.  
 
 
 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1 
P
r
o
p
o
r
t
i
o
n
 
Allele class 239 
 
6.4 Discussion 
The average group size for Mauritian spinner dolphins was approximately 52 animals. 
However, groups at Morne were larger than elsewhere in the study area with a mean 
group size of 70. There was little variation in the mean monthly group sizes though the 
largest groups were recorded in May and December. Group size did not vary significantly 
between seasons or years. Calves were present throughout the year and generally groups 
contained approximately 10% calves.  There was no indication that certain areas were 
preferred by groups containing calves as they were found at all sites within the study area. 
However, Point Moyenne had the highest sighting rate for groups with calves. In addition, 
there was little monthly or seasonal variation in the proportion of calves in groups that 
would indicate a peak breeding period.  
Analysis of standardised lagged association rates between identified individuals found that 
the population of spinner dolphins exhibited two levels of casual acquaintances. Although 
association  rates  were  up  to  0.8  indicating  that  some  animals  were  almost  always 
together, rates were generally low with a mean of 0.14. The low overall association rate 
suggests a fission fusion society with group membership changing regularly. However, 
tests for preferred associations found that some animals were associating at more than 
random levels and that there were units within groups which stayed stable for longer 
periods. Overall, the study population was determined to belong to a single community.  
The spinner dolphin population showed high levels of genetic diversity between the 38 
samples analysed. Twelve haplotypes were identified though three animals did not give a 
result and 75.7% of the samples were from males. All 27 mircosatellites were polymorphic 240 
 
and gave a mean expected heterozygosity of 63%. There was no evidence of a genetic 
bottleneck and estimated effective population size was 166 individuals. 
6.4.1 Social structure 
Group sizes fit well with those found in the region and elsewhere. Average group sizes 
within the Indian Ocean varied from approximately 40 to 70 but schools tended to be 
larger  as  distance  from  shore  increased  (Anderson,  2005;  Ballance  &  Pitman,  1998).  
Around islands and atolls in the Red Sea groups were at the lower end of this range with 
some groups smaller than 20 and a maximum group size of 50 (Gladstone & Fisher, 2000; 
Notabartolo di Sciara et al., 2009). At Reunion Island group size varied according to the 
activity of the group (Dulau-Drouot et al., 2008).  Outside the Indian Ocean group sizes 
generally were similar though larger groups of up to 2000 animals were also reported 
from Brazil (Silva et al., 2005) and Hawaii (Norris et al., 1994), again this is thought to be a 
function of both the activity of the group and distance from shore. Variation seen in group 
size within the Hawaiian Islands and French Polynesia were attributed to differences in 
habitat and some seasonal variation was seen (Norris et al., 1994; Poole, 1995; Gannier & 
Petiau, 2006; Karczmarski et al., 2005). There was little variation observed between sites 
with the exception of Morne where groups were larger. It is known that group size and 
composition  are  influenced  by  factors  such  as  habitat,  competition  for  resources  and 
predation risk (Heithaus, 2001). This site does not have the sheltered conditions of the 
west  coast  bays  and  also  lacks  the  large  areas  of  sandy  substrate.  The  sea  floor  is 
comprised  of  rocks  and  coral  formations  in  this  area  with  patchy  sandy  areas,  these 
conditions give good cover for predators. Lammers (2004) suggested that in areas where 241 
 
there is limited light and sandy substrate, and therefore decreased visibility, groups are 
larger for greater awareness of threats.   
Several species of shark are known to occur in Mauritian waters including the Oceanic 
white tip (Carcharhinus longimanus), tiger (Galeocerdo curier), hammer head (Sphyra sp.) 
and bull sharks (Carcharhinus leucas) (Froese & Pauly, 2011). It is likely that there are also 
deepwater sharks which would be at the same depths as the spinner dolphins when they 
are foraging (Heithaus, 2001).  All these species pose a threat for spinner dolphins due to 
their  relatively  small  size  and  their  foraging  behaviour.  The  ectoparasitic  cookiecutter 
shark  (Isistius  sp)  is  also  known  to  prey  on  spinner  dolphins  and  occurs  in  Mauritian 
waters.  Silva et al. (2007) reported that cookiecutter shark attacks were frequent, as 
determined by the number of animals with scars, and there was evidence that larger shark 
attacks occurred on the population in Dolphin Bay, Brazil. Spinner dolphins in Mauritius 
were frequently observed with the small circular bite marks and scars of the cookiecutter 
shark (Figure 6.17). This species is found in deep water normally in association with the 
deep scattering layer on which the spinner dolphins feed (Silva et al., 2007). The crescent 
shaped scars and fresh bite marks of larger sharks were also recorded on the spinner 
dolphins  (Figure  6.18),  suggesting  that  sharks  are  a  serious  threat  to  this  species  in 
Mauritius, and may influence group size and social organisation. As mentioned previously, 
without further details regarding the distribution and abundance of the sharks in the area 
the level of influence is difficult to assess. 242 
 
 
 
Figure 6.17:  Circular wounds on S. longirostris, indicated by arrows, believed to be from 
a cookiecutter shark (Isistius sp). 
 
Figure 6.18:   S34 (Lucky) with fresh shark bite wounds on the dorsal fin, left flank and 
over the peduncle.  243 
 
An additional potential threat  to the local spinner dolphins is the presence of several 
species of large cetacean which can prey on their smaller cousins (Heithaus, 2001). These 
include  pygmy  killer  whales  (Feresa  attenuata),  killer  whales  (Orcinus  orca)  and  pilot 
whales (Globicephala macrorhynchus) (MMCS, 2011). While no interactions have been 
observed between the spinner dolphins and any of these species their presence may be 
influencing the group size, composition and habitat use of the spinner dolphins. This could 
be through predation risk but also by competitive interactions and as such it is important 
to determine the degree of dietary overlap for these other species and the regularity of 
presence in the area.  
There was no significant correlation between depth and group size in the data. However, 
all the data was collected during the morning hours while dolphins were in the near-shore, 
environment. There were no detailed observations of the spinner dolphins during the late 
afternoon when they would normally be expected to move into deeper water to feed. It is 
expected that when they do this they either form larger groups or large mixed groups with 
the spotted dolphins both for protection and cooperative foraging as has been described 
in other studies (Benoit-Bird & Au, 2003; Benoit-Bird & Au, 2009; Psarakos et al., 2003). 
The larger mean group size recorded for spinner dolphins at Mayotte is possibly a result of 
a  lack  of  bay  areas  for  resting  and  so  groups  generally  stay  at  greater  depth  (mean 
123.7m) as they were rarely encountered inside the lagoons (Kiszka et al., 2010b). When 
groups were sighted in the lagoon area they tended to be smaller. At Reunion Island 
Dulau-Drouot  and  colleagues  (2008)  reported  that there  was  a  significant  relationship 
between depth and time of day but no clear relationship between group size and depth. 244 
 
Instead, group size was thought to vary with activity, with foraging groups significantly 
larger than those seen while resting (Dulau-Drouot et al., 2008). Similarly, spinner dolphin 
group size in the Maldives was smaller than average when resting in the lagoon areas and 
increased  with  distance  to  shore  (Anderson,  2005).  A  cursory  examination  of  group 
behaviour recordings and group size agreed with Dulau-Drouot et al. (2008) with travelling 
groups generally being larger than resting groups. However, detailed examination needs 
to be conducted for clarification of these patterns and was beyond the scope of this study.     
Mauritius  is  typical  of  the  tropics  where  there  is  little  variation  in  environmental 
conditions between seasons and this is thought to account for the consistency of both 
group sizes and the presence of calves throughout the year. If factors such as predator 
and/or  prey  abundance  changed,  it  would  be  expected  that  there  would  be  a 
corresponding fluctuation in both calving times and group size. Gannier and Petiau (2006) 
found that group size was smaller during winter and peaked in summer and was thought 
to reflect a response to breeding. Similar patterns were found in Brazil with the number of 
individuals being higher during the dry season (September to February) than the rainy 
season (March to August) (Silva & Silva Jr., 2009). Both of these studies support earlier 
work in Hawaii where Wells (1984) found the testosterone levels in male spinner dolphins 
increased going into the summer months (Northern Hemisphere) peaking in June/July 
with a corresponding increase in reproductive behaviour. However, Norris and colleagues 
(1994) reported that small young were observed throughout the year. While no significant 
difference was found between summer and winter for either group sizes or the proportion 
of  calves  in  Mauritius,  patterns  may  emerge  to  indicate  peaks  in  breeding  with 245 
 
continuation  of  the  study  focusing  on  the  number  of  newborns  and  reproductive 
behaviour.  
Food  availability  plays  an  important  role  in  determining  use  of  site  and  group  size 
(Ostman, 1994; Danil et al., 2005). In Brazil, Hawaii and Mayotte, spinner dolphins were 
observed feeding on prey species such as flying fish, small fish, squid and prawns (Norris 
et al., 1994; Cockcroft, circa 1999; Benoit-Bird & Au, 2003; Silva et al., 2004; Silva et al., 
2007).  Flying  fish  (Hirundichthys  speculiger)  were  observed  throughout  the  year  in 
Mauritius and as such may make up a significant part of the spinner dolphins diet. This 
year-round food source, in addition to other prey species, may be the reason there was 
little variation observed either between months or seasons to indicate a peak time for 
reproduction. However, with no current data on the diet of the Mauritian spinner dolphin 
it is difficult to determine what influence fluctuations in prey abundance or type would 
have on reproduction, group size or population size. The presence of the spotted dolphins 
in the area suggests that prey is abundant and consistent enough to sustain two species 
with similar diets throughout the year. 
The identified spinner dolphins had low mean association rate of 0.14.  Low association 
rates imply a fission-fusion society with individuals having a large web of associates. The 
models indicated that association rates were higher than expected by chance alone and 
suggest  that  within  groups  there  were  smaller  pairs  or  groups  that  remained  almost 
constant but moved between larger groups. Over time these units may degrade due to 
emigration  or  a  change  in  companions.    Association  rates  for  both  the  residents  and 
immigrants of Midway Atoll, Hawaii were considerably larger than those for Mauritius at 246 
 
0.37 and 0.63 respectively (Karczmarski et al., 2005). The differences between these and 
Mauritius  can  partially  be  explained  by  the  high  degree  of  individual  marking  in  the 
Hawaiian population. Marking rates for these two populations were more than double 
that calculated for the Mauritian population, allowing a greater proportion of associations 
to be analysed. In addition, the Mauritian study population is not as isolated, being only 
one area of the island, and is considerably larger. This means the chances of interactions 
with other animals is greater and so association rates will be correspondingly lower due to 
a higher number of associates. 
Differences in habitat can exert constraints on social structure so that populations of a 
single species, which are behaviourally adaptable, can display differing social structures in 
different habitats (Poole, 1995; Gowans et al., 2008). This helps explain the differences 
reported between the spinner dolphin populations within the Hawaiian Islands and more 
widely distributed such as Moorea in French Polynesia and those in Mauritius. The fission-
fusion social organisation of a population enables individuals or groups to select habitat 
and  group  size  based  on  ecological  conditions  and  activity  (Heithaus,  2001).  Around 
Moorea it is possible that, as all the requirements of the dolphins are close by, they do not 
need to move further afield to find mates and/or food resources and so the population 
remains generally stable. Also, doing so might increase the risk of predation unnecessarily. 
This was suggested for the stable group at Midway Atoll, where interactions with other 
populations  rarely  occur  (Karczmarski  et  al.,  2005;  Andrews  et  al.,  2010).    Relatively 
isolated island populations display long term stability and site fidelity (Karczmarski et al., 
2005).  However,  this  does  not  always  hold  and  implies  there  are  many  other  factors 247 
 
influencing  social  structure.  The  population  around  Moorea  is  reportedly  stable  but 
contains subgroups which are fluid, moving between the different bays around the island. 
Moorea is not an isolated island but is neighboured by Tahiti, only 17km away, however 
only very limited mixing was observed with the neighbouring population (Poole, 1995; 
Oremus,  2008).  Despite  low  association  rates,  the  high  degree  of  site  fidelity  and 
residency described in Chapter 5 suggest that the Mauritian population is an intermediate 
form of those at Moorea and the Atolls of Hawaii. This is further supported by the high 
levels of genetic diversity observed which imply that while groups are relatively stable 
there is some interaction with neighbouring groups. It is possible that with further data 
the  stability  of  the  study  population  will  increase  like  that  of  Midway.  But,  as  this 
population is not geographically closed, there will still be some degree of interaction with 
adjacent populations such as those to the north.  
Results from the standardised lagged association rates indicated that the population was 
composed of two levels of casual acquaintances, though there was also some support for 
the  models  representing  ‘constant  companions’  and  ‘constant  companions  and  casual 
acquaintances’.    All  these  models  suggested  that  there  were  preferred  associations 
between  identified  individuals,  giving  further  support  to  the  tests  that  found  some 
individuals  were  associating  at  more  than  random  levels.  Mauritius  spinner  dolphins 
appear to have a similar social system to those seen around the main islands of Hawaii 
and at Moorea where there is high site fidelity and fairly stable groups. There appears to 
be  one  large  group  (population)  using  the  area  but  subgroups  change  in  composition 
regularly and within these there are constant units. However, with the large group size it 248 
 
is possible that there were a number of occasions when not all animals present were 
photographed, or that if photographed, the picture was not of a quality good enough to 
be used in the analysis. This would mean there was within group sampling error and that 
association rates were downwardly biased and would subsequently influence the model 
which best describes the data. 
Analysis of the associations revealed that the identified spinner dolphins were part of a 
single community.  From sightings patterns it is thought that there is possibly an adjacent 
population to the south as well as that seen in the north. There appears to be limited 
interactions between these groups as seen from both the discovery curve, where there 
were very limited number of new individuals entering the study population, and the high 
recapture rate of known individuals. With the continuation of the research focusing on 
this  species,  a  more  even  distribution of effort  and including  a  wider study  area, the 
results may show the separation of groups seen at Morne. It is possible that with the 
larger groups at Morne and the generally worse sighting conditions, there was a greater 
chance  that  identifiable  individuals  were  missed  in  this  area  thereby  affecting  the 
association rates. 
Interactions  between  males  and  females  were  not  considered  in  this  study  due  to 
difficulties in determining gender, however, identifying between sexes is important for the 
analysis of social organisation. Norris et al. (1994) along with Perrin and Gilpatrick (1994) 
described a postanal hump on mature male spinner dolphins but very little else to differ 
between the sexes.  However, Karczmarski et al. (2005) found that the stable population 
at  Midway  Atoll  was  comprised  of  mixed  gender  groups  while  Norris  et  al.  (1994) 249 
 
described male coalitions swimming apart from the main group. The ratio of males to 
females in the biopsy samples suggests that there are behavioural differences. More than 
twice the numbers of males were sampled than females; whether this difference is due to 
more males coming inshore during the day or males being more likely to approach the 
boat is not known. While attempts were made to conduct biopsy trips throughout the 
study area, a large proportion of the samples were collected from the Morne area. It is 
possible that this area is preferred by males while the females and young use the more 
protected areas in the Bays for resting. Only by continuing the research and determining 
the gender of individuals will this be resolved.     
6.4.2 Genetics 
Genetic diversity for the spinner dolphins of Mauritius was high (64%) compared to the 
bottlenose  dolphin,  though  slightly  lower  than  other  reported  spinner  dolphin 
populations.  High  levels  of  genetic  diversity  (He=70-81%)  have  been  reported  for  the 
populations within the Hawaiian archipelago (Andrews et al., 2006; Andrews et al., 2010) 
and also those inhabiting the islands of French Polynesia (He=67-87%) (Oremus et al., 
2007). In Brazil, the observed heterozygosity was lower again with a maximum of 60% 
(Farro  et  al.,  2008).  It  was  suggested  that  inbreeding  in  this  population  was  likely  to 
account for this as there was also high homozygosity (Farro et al., 2008). These differences 
are thought to be a reflection of a complex interaction between distance and environment 
influencing  the  social  structure;  though  it  might  also  be  partly  contributed  to  by  the 
different microsatellite markers used for the analysis.  250 
 
Levels of genetic diversity are influenced by population size and the degree of mixing that 
occurs between different populations (Frankham, 1995; Frankham, 1996; Andrews et al., 
2006).  The  larger  the  population,  and  the  more  mixing  that  occurs  from  external 
populations, the higher the genetic diversity will be as new alleles are constantly being 
added  to  the  gene  pool  and  mutation  is  constantly  occurring  (Lowe  et  al.,  2004).  In 
contrast,  the  genetic  diversity  was  low  at  islands  that  were  isolated  and  had  smaller 
populations with stable groups (Andrews & Karczmarski, 2004). In Mauritius, despite the 
apparent site fidelity, the level of genetic diversity suggests that there were unobserved 
interactions  with  adjacent  populations  around  the  island  or  neighbouring  populations 
further afield, maintaining the gene flow. This supports the results  given in the social 
analysis that the social structure is composed of relatively stable subgroups which interact 
with the larger population in a restricted type of fission-fusion organisation. Both Ostman 
(1994) and Oremus et al. (2007) reported this type of system for some of the Hawaiian 
Islands and Moorea respectively. Different groups of dolphins were spending more time in 
particular areas, suggesting that spinner dolphin organisation is strongly influenced by 
social stability and site fidelity (Ostman, 2004; Oremus et al., 2007).  
In general odontocetes tend to have male based dispersal (Lyrholm et al., 1999; Krützen et 
al., 2004; Moller & Beheregaray, 2004) and this was observed for the spinner dolphins in 
French Polynesia (Oremus et al., 2007). However, in parts of the Hawaiian Islands, group 
dispersal was observed to occur irregularly (Karczmarski et al., 2005) and throughout the 
islands  both  sexes  dispersed  equally  (Andrews  et  al.,  2010).    Differences  in  dispersal 
between sexes were not considered here but with further research could greatly enhance 251 
 
understanding of both genetic and social structure of this population. Spinner dolphins 
have been reported at all the islands within the region (Ballance & Pitman, 1998; de Boer 
et al., 2002; Kiszka et al., 2009; Dulau-Drouot et al., 2008), it is therefore possible with the 
high mobility potential of this species, that they are all connected genetically, resulting in 
low differentiation. Due to their close proximity, this is especially true for Reunion Island 
and Mauritius and comparative studies between the islands could assist in determining 
relatedness and the degree, if any, of interchange between the two populations.  
Low levels of shared mtDNA were found between the 35 individuals that gave a result. 
This occurs when there is interchange occurring between adjacent populations through 
dispersal  so  that  females  are  not  mating  with  their  kin.  If  the  study  population  of 
Mauritius is approximately 400 individuals then genetic variation should be relatively high 
without the need for additional inflow of genes. However, over generations this could see 
a decrease in genetic diversity if there is no interaction from external populations. Only 
further research into the ranges and dispersal of individuals, in conjunction with genetics 
will assist in clarifying what is occurring.  
6.4.3 Awareness and explanation of data limitations 
The calculated association indices between spinner dolphins are likely to be downwardly 
biased due to a combination of factors. The large size of spinner dolphin groups and the 
high number of tour boats and swimmers often present, made it difficult to confidently 
photograph  every  individual  within  a  group.  Additionally,  only  22%  of  animals  were 
considered distinctively marked individuals and used in analysis, thus many associations 
between  individuals  within  the  population  were  impossible  to  identify  (Chilvers  & 252 
 
Corkeron,  2002).  This  is  important  when  using  photo  identification  to  analyse  social 
structure as cetaceans are assumed to be associated when within the same group or in 
close proximity (Brager, 1999; Chilvers & Corkeron, 2002).  
As was described for the bottlenose dolphins, the second type of error, within community 
sampling error (Chilvers & Corkeron, 2002), is also applicable for the spinner dolphins, due 
to the surveys conducted. As the majority of surveys were Focal, where one group was 
observed for several hours, there is the possibility that other groups in the area were 
missed. However, given the indications of the discovery curve and the duration of the 
study these errors were thought to be minimal.  
As  was  mentioned  in  previous  chapters  the  lack  of  known  genders  for  identifiable 
individuals limited the types of analysis that could be conducted. Associations between 
the  sexes  can  be  important  in  determining  dispersal  and  mating  strategies  within  a 
population thus influencing both social and genetic structure. This area requires further 
work and should be included in any future research.  
The  relatively  sparse  data  for  genetic  analysis means  results  should be  regarded  with 
caution. There is a need for further sampling and over a larger geographic scale for more 
detail regarding the groups around Mauritius. When combined with photo-identification 
this would assist in determining dispersal and interaction rates between neighbouring 
populations.  Currently  there  is  a  study  regarding  the  genetic  diversity  of  the  spinner 
dolphins within the region (component of South West Indian Ocean Fisheries Project) and 253 
 
inclusion of this data will greatly enhance the knowledge of what is occurring within the 
south west Indian Ocean.  
6.5 Conclusion 
The social structure of the spinner dolphins in Mauritius has been found to parallel those 
described from sites such as French Polynesia and parts of Hawaii.  While there is a lot of 
work still to do regarding the social structure of the spinner dolphins in Mauritius, these 
results go a considerable way to establishing a framework for the dynamics of what is 
occurring. The population using this area of coast appears to be genetically healthy with 
good levels of heterozygosity and low relatedness. Investigation into social and genetic 
structure on a national scale would give a more accurate account of the situation and thus 
a more appropriate base from which to build management plans. The development of 
management  plans  for  this  species  must  take  into  account  the  residency  of  this 
population, its reliance on this area of coast and possible foraging areas when assessing 
impacts of the dolphin tourism, by-catch and other anthropogenic threats.  254 
 
7  Dolphins, Dolphin watching and Threats 
7.1 Comparative ecology and dolphin watching 
The spinner dolphin (Stenella longirostris) and Indo-Pacific bottlenose dolphin (Tursiops 
aduncus) appear to extensively use bays and reef areas found along the south west coast 
of Mauritius. These populations have a direct sympatric relationship  (Bearzi, 2005 see 
page1) that is possible due to differences in behaviour and diet. The similarities in daytime 
habitat requirements mean there is considerable overlap in their distribution and also 
some degree of interaction.  This chapter compares the results obtained in the previous 
chapters for the population structure and temporal and spatial distribution of each (Table 
7.1). These are then reviewed in reference to the possible impacts of the dolphin watching 
activity, along with other causes for concern for these populations.  
7.2 Methods 
The degree of overlap in utilisation distributions between species was investigated using 
the overlap function in Ranges8.  The setting overlap ranges on locations was used to look 
at both 95% and 50% distributions for spinners on bottlenose and the reverse. Resulting 
values were then adjusted to allow for land overlap, however diagrams have not been 
adjusted. 
Relative density (RD) of both species within the study area was investigated using the 
following equation.         
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Where    is the number of animals of a species, divided by the sum of animals in both 
species. Population estimates of 73 for bottlenose dolphins and 450 for spinner dolphins 
were used for the number of each species. 
7.3 Results, Compare and Review 
Sightings for spinner dolphins were concentrated within the three Bay areas whereas the 
bottlenose dolphins were more evenly distributed with the exception of Point Moyenne at 
the northern end where they were only rarely sighted (Figure 7.1A). Range (resting range 
for spinner dolphins) and high use areas, where the majority of sightings occurred, were 
similar for both species. When the 95% utilisation distributions were compared between 
species there was an 81% overlap in area use (Figure 7.1B). The notable exception was 
Point Moyenne Bay. This area was not included at all for the 95% utilisation distribution of 
bottlenose  dolphins  as  so  few  sightings  occurred  there.  When  the  50%  utilisation 
distributions were compared there was still considerable overlap (Figure 7.1C). For the 
spinner  dolphins  these  areas  were  defined  by  the  three  bays,  while  the  bottlenose 
dolphins used the area including Tamarin Bay, Preneuse and Black River Bay but also an 
area at the point of Morne. The overlap area included the bays of Tamarin and Black River, 
highlighting the importance of these areas to both species.  256 
 
 
 
Figure 7.1:   Comparison of area use for groups of S. longirostris (blue) and T. aduncus (black). A: Distribution of sightings, B: 
overlap of 95% utilisation distribution and C: overlap of 50% utilisation distribution. PM: Point Moyenne, TB: Tamarin 
Bay, BRB: Black River Bay and M: Morne. 
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Again Point Moyenne Bay was the area where there was almost no overlap. This bay was 
an  important  area  for  the  spinner  dolphins  being  included  in  their  50%  utilisation 
distribution and having the highest sighting rate in this area. In contrast, the bottlenose 
dolphins were more reliant on Morne at the southern end of the study. The sighting 
records  for  both  species  showed  that  each  used  the  entire  study  area.  However,  the 
intensity of sightings varied between both sites and species.  
Comparison of the sighting conditions for each of the species revealed few differences 
(Table 7.1).  Both  species  seemed  to prefer  staying  in  clearer  water.  The  water  clarity 
conditions showed 84% of spinner dolphin sightings in water with better than 10m clarity 
compared  to  70%  of  bottlenose  dolphin  sightings.  For  both  species  mean  depth  at 
sightings  was  approximately  20  metres.  The  similarity  in  the  depth  use  reflected  the 
considerable overlap in the space use.  
In contrast to the similarities observed in sighting conditions, it was expected that due to 
behavioural  differences,  the  area  use  of  the  spinner  dolphins’  was  possibly  more 
influenced by environmental conditions (e.g. water clarity) than the bottlenose dolphins. 
The bottlenose dolphins display considerable adaptability to different habitat types and 
opportunistic behaviour throughout their range (Connor et al., 2000a; Fury, 2009). The 
spinner dolphins on the other hand, are more behaviourally set with daily patterns of 
movement  (Norris  et  al.,  1994),  considerable  site fidelity  and  a  more  limited  foraging 
behaviour. 258 
 
Table 7.1:  Comparison of the biology and ecology of S. longirostris and T. aduncus. 
Aspect  Measure  Stenella longirostris  Chapter  Tursiops aduncus  Chapter 
Habitat feature  Depth (m)  20.4(1.0);       8.1-60  5  20.6(1.6);   5.7-60  3 
Mean(s.e.); range  Clarity (m)  14.5(0.5);      4.5-30  5  13.3(0.8);   6.6-26  3 
  SSTemperature (°C)  25.9(0.2);      21-30  5  26.1(0.3);   22-30  3 
Abundance  POPAN (Bimonthly)  432; (95%CI 255.9-610.1)  5  74.6;  (95% 54.3-94.9)  3 
  Robust Design (max)  496;  (95%CI 129.3-863.3)  5  72.9;  (95% 29.5-116.4)  3 
Relative density  Individual km
-2  0.86  5  0.14  3 
Group size  Mean (s.e.)  52.4 (1.9)  6  5.5 (0.3)  4 
  Range  1-250  6  1-20  4 
Site fidelity    Yes  5  Yes  3 
Range  km
-2  53.0  5  69.5  3 
High use areas    Pt Moyenne and Tamarin Bays  5  Tamarin Bay/Flic en Flac and Morne  3 
Social organisation 
 
Fission-fusion, some preferred 
companions 
6  Fission-fusion, some preferred 
companions 
4 
Reproduction    Year round  6  ? too few observations  4 
Genetic diversity    High with low shared mtDNA  6  Low with high shared mtDNA  4 
Anthropogenic 
effects 
Threatened by  Dolphin watching activity, Boat 
traffic, habitat degradation, 
pollution, by-catch? 
 
5, 6, 7  Dolphin watching activity, Boat 
traffic, habitat degradation, 
pollution, 
entanglement, overfishing 
3, 4, 7 259 
 
The bottlenose dolphins rely on near-shore waters, rarely venturing into water deeper 
than 30m and remain in this zone for all activities. In contrast, the spinner dolphins use 
the  coast,  particularly the  bays,  specifically  for  the  activities  of  resting  and  socialising 
during the morning hours before moving offshore. A comparison of social structure found 
that both species display the organisation described as fission-fusion. This involves regular 
changing of group membership and, within groups, smaller units of preferred companions 
which remain together for considerable periods. However, there were obvious differences 
observed in group sizes which can be partially explained by the behavioural differences. 
The bottlenose dolphins  include reef species in their diet (Amir et al., 2005). For this 
habitat and prey, smaller groups are more efficient as they balance the requirements of 
maximising  vigilance  for  predators  while  minimising  competition  for  prey  (Heithaus, 
2001). The spinner dolphins have been able to balance these requirements to meet the 
demands  of  their  different  environment.  Feeding  offshore  on  schooling  prey  requires 
larger coordinated groups for energy efficient, successful foraging and safety (Benoit-Bird, 
2004;  Benoit-Bird  &  Au,  2009).  Their  smaller  body  size  would  also  make  them  more 
vulnerable  to  a  greater  number  of  predators  so  larger  groups  assist  in  protection  of 
members and calves. Due to these small differences in behaviour and area use, these two 
species are potentially impacted by the dolphin watching activity in different ways. 
Due to the small size of the island and the study area, operators of dolphin watching boats 
are able to go wherever the dolphins are regardless of their operational base. It was 
observed that boats from the north of the island would travel 50km or more to show 
tourist the dolphins in the study area (MMCS, 2010). Barring bad weather days, dolphin 260 
 
watching boats can operate every day of the year. In general, dolphin watching occurs 
between 7am and 12pm, with a peak in boat numbers between 9 and 10am (MMCS, 
2010).  During  summer,  in  a  two  hour  period numbers  can  reach  up  to  80  boats  and 
several hundred tourists (MMCS, 2010). On average 35 boats bring tourists to observe and 
swim with a group of dolphins each day, with each spending 35-40 minutes with a group 
(MMCS, 2010).   
On average 15.63 hours (1.55 s.e.) was spent with spinner dolphins compared to only 4.54 
hours (0.71 s.e.) with bottlenose dolphins each month. As the majority of the time was 
spent  looking  at  the  behaviour  of  the  dolphins  while  with  boats  and  swimmers,  this 
difference reflected the tendency for the dolphin watching boats to go to the spinner 
dolphins instead of the bottlenose dolphins.  Any aerial activity in the group and large 
group  sizes  meant  the  spinner  dolphins  were  easier  to  see  from  a  distance  than  the 
bottlenose dolphins. As set transects were not employed, this could have caused some 
bias in the encounter rates between the species. There was also the situation where other 
boats  found  dolphins  before us  and  so  we  would  go  to the boats  instead  of  actively 
searching, which may have resulted in missed sightings. 
The near-shore habitat of the bottlenose means they are potentially impacted by many 
forms of human activity and easily accessible to dolphin watching boats. However, their 
small group size made them to some degree inconspicuous and of less interest to the 
dolphin  watching.  The  small  group  sizes  can  be  a  disadvantage  in  that  they  can  be 
separated  more  easily,  which,  if  it  occurs  repeatedly  and  long  term,  can  result  in  a 
breakdown  of  the  social  organisation.  Results  indicated  that  there  are  preferred 261 
 
associations between some identified individuals, if these associations are disturbed it 
could  reduce  bonds  between  group  members  and  disrupt  the  fission-fusion  events.  
Smaller  group  sizes  can  also  increase  the  risk  of  predation  especially  if  calves  are 
separated from adults (Discussed in Chapter 4).  As the results presented in Chapter 4 
indicated a reduction in mean group size over the course of the study, this is of particular 
concern. 
The inclination for the dolphin watching boats to go to the spinner dolphins could lead to 
situations  where  the  concentration  of  boats  and  swimmers  around  a  group  causes 
significant disruption to their daily activities. Unlike the bottlenose dolphins, the spinners 
come  to  the  coast  during  the  morning  hours  for  the  specific  purpose  of  resting  and 
socialising (Norris et al., 1994). It is possible that dolphin watching activity during this 
period reduces the time groups are able to completely engage in these activities, and 
results in behavioural changes (activity budgets) and increased stress levels (Constantine 
et al., 2004; Stensland & Berggren, 2007; Christiansen et al., 2010). Animal studies have 
found  that  persistent  stress  can  eventually  result  in  reduced  overall  fitness  and  an 
increased  potential  for  illness  and/or  disease,  and  potentially  reduced  reproductive 
success (Creel, 2001). 
While  spinner  dolphins  do  not  live  as  long  as  bottlenose  dolphins,  sexual  maturity  is 
reached at a similar age (Best, 2007; Berggren, 2009). With the shorter expected life span 
this can mean less time for successful reproduction. Bottlenose dolphins have a minimum 
three year interval between calves or approximately two years if the calf does not survive 
(Mann et al., 2000; Kogi et al., 2004). Spinner dolphins have an average three year interval 262 
 
(Perrin & Gilpatrick, 1994). This suggests that, should reproduction of the spinner dolphins 
be negatively impacted by some external factor, this species could be greatly affected long 
term. The introduction of stress factors such as dolphin watching activity and boat traffic, 
reduced prey availability, contamination due to heavy metals or chemicals and/or having 
to move further due to habitat degradation can result in decreased health, reproduction 
and survival (Creel, 2001; Travis, 2008).  
Estimates for each of the populations that were using the study area were approximately 
73  animals  for  the  bottlenose  dolphins  compared  to  450  (when  comparing  between 
POPAN and Maximum from Robust Design) for spinner dolphins. This translates to relative 
densities of 0.14 individuals km
-2 for bottlenose dolphins and 0.86 individuals km
-2 for 
spinner  dolphins.  Encounter  rates  for  the  bottlenose  dolphins  (Chapter  3)  were  high 
considering the low relative density. This reflects the difference observed in the social 
structure of the bottlenose dolphin population that has a tendency to occur in many small 
groups throughout the study area, whereas the spinner dolphins tended to be in only one 
or two large groups in defined areas. As with the small mean group size, the smaller 
population size and low density of the bottlenose dolphins aids them in that they are less 
easy to find despite their near shore habitat, giving then some respite from the dolphin 
watching.  However,  their  site  fidelity  in  the  long-term  counteracts  this  as  the  same 
animals are repeatedly subjected to the attention. Should the small number of breeding 
animals become stressed the survival of the population is at risk; this is especially true 
when the genetic diversity of the population is already low.     263 
 
In  saying  this,  the  spinner  dolphins  are  only occurring  in  a  few  large groups  and this 
species is preferred for the dolphin watching, thus a larger proportion of the population 
(1/9 as against 1/14 for the bottlenose dolphins based on average group size) is being 
subjected  to  the  activity.  Individually,  short  term  re-sighting  rates  are  fairly  low, 
suggesting that the same animals are not being impacted day after day. However, the 
closed  population  and  high  site  fidelity  of  this  population  could  result  in  long  term 
impacts.  
The results from genetic analysis give very different pictures for each population. The 
bottlenose  dolphins  displayed  low  genetic  diversity  and  only  two  haplotypes  were 
identified though this might be due to the small sample size for this species. Comparison 
with several Australian populations found that the Mauritian population had lower levels 
of expected heterozygosity. Some evidence of a genetic bottleneck was detected but as 
this test is very sensitive to sample size this should be interpreted with care. However, the 
low genetic diversity and high matrilineal shared mtDNA should be enough to warrant 
concern  for  this  population  and  prompt  further,  nationwide  genetic  research.  The 
effective population size for the bottlenose dolphins was 7 individuals. Frankham (1995) 
suggests that in order to get a ‘real’ estimate of the effective breeding animals this figure 
should be adjusted by a factor a 10 which corresponds 70 mature animals. This is very 
close to the population estimate obtained for the area using demographic modelling. As 
this figure includes calves and immature animals the actual breeding animals in the study 
area is likely to be somewhat less. The “50/500” rule of population genetic theory predicts 
that an effective population size of 50 is needed to conserve genetic variation in the short 264 
 
term and 500 for long term (Lowe et al., 2004). The population estimate of 70 breeding 
animals is very close to the minimum suggested for short term conservation of genetic 
variation.  While  small  populations,  150  animals  or  less,  of  cetaceans  occur  (e.g.  Fury, 
2009; Stensland et al., 2006) and appear able to persist, disturbance and/or stochastic 
events  can  have  potentially  devastating  effects.  Even  allowing  for  error  due  to  small 
sample size and population estimates, this is further evidence to implement immediate 
protection for this population. 
In contrast, the spinner dolphins appear to have comparable, if slightly lower, levels of 
genetic diversity to other studies around the world. A large number of haplotypes were 
identified within the study area suggesting that gene flow is occurring at a wider level than 
just within the study area. Effective population size was estimated at 166 individuals, and 
once  adjusted  (1660)  this  value  possibly  represents  a  large  proportion  of  the  total 
population around Mauritius and gives further support to the theory that animals around 
the island are interacting, if only irregularly.  In both cases the genetic results appear to 
support the observed associations of the population having a general fission-fusion social 
organisation. 
The possible disturbance occurring due to the intense dolphin watching activity is of major 
concern. As whale and dolphin watching has increased internationally, so has the number 
of studies into the possible effects this attention is having on the animals involved. There 
is now substantial evidence to indicate that even small levels of disturbance can have 
detrimental  effects  on  the  sustainability  of  populations.  Animals  may  move  away, 
temporarily or permanently, from areas of high boat traffic or pollution (Gerrodette & 265 
 
Gilmartin, 1990; Wells, 1993; Allen & Read, 2000; Lusseau, 2003; Lusseau, 2004; Bejder et 
al., 2006b), especially if forced to interact (Norris et al., 1994), and correlations have been 
found  between  the  activity  of  the  animals  and  a  willingness  to  tolerate  interactions 
(Constantine  &  Baker,  1997;  Wursig et  al., 1997).  There  were  indications  that  even  if 
initially  curious,  if  interactions  continued  for  too  long,  changes  in  behaviour  were 
eventually  observed  (Bejder  &  Dawson,  1998).  High  levels  of  tourism  and  human 
encroachment have been implicated in changes in surface behaviour, speed and direction 
of  travel  (Barr  &  Slooten,  1998;  Hastie  et  al.,  2003;  Lemon  et  al.,  2006)  along  with 
decreases in the time spent resting and socialising. As dolphins tend to nurse calves during 
these  activities  it  can  ultimately  lead  to  a  reduction  in  reproductive  success  and 
population declines (Bejder & Samuels, 2003; Bejder et al., 2006b; Stensland & Berggren, 
2007). Moving away from an area that is part of their home range can result in decreased 
fitness as animals do not know threats or local prey patches. This may be especially true if 
specialisation has occurred to some component of the local habitat. A permanent move 
will result when the energy costs of staying and general disturbance becomes too great 
(Bejder  et  al.,  2006b).  It  is  thought  that  as  the  spinner  dolphins  use  the  coast 
opportunistically, as long as it has shallow water, this species has the ability to shift area 
use and/or timing of use (Mobley et al., 2000; Lammers, 2004; Courbis & Timmel, 2009). 
The same is true for the bottlenose dolphins and, with increases in human intrusion on 
resting and socialising activity, along with habitat degradation, this could eventually occur 
in Mauritius. Indeed, initial examination of behaviour and activity data collected in parallel 266 
 
with this study revealed a possible change in activity budgets and area use over the course 
of the study (MMCS, 2010). 
When ‘swim with’ activities are also operating with the dolphin watching, the impacts are 
potentially compounded. It was reported that spinner dolphins had delayed or decreased 
time spent at rest or departed the rest area earlier when swimmers were attempting to 
interact (Danil et al., 2005). In saying this, the impacts of swimming with wild cetaceans 
are not well known especially as most are conducted with boats and so it is difficult to 
determine whether a response is due to boats, swimmers or both (Constantine, 1998). An 
additional concern is the potential for injury or death to either the animals or humans 
from either aggressive behaviour from either party or boating accidents. 
With no other data to compare to the population estimates given here, it is impossible to 
determine whether there has been any change in abundance for either species. In order 
for a population to persist long term a minimum size of thousands to tens of thousands of 
individuals  is  required  (Reed  et  al.,  2003).  Studies  on  small  coastal  cetacean  species 
indicate  that  having  less  than  100  individuals  the  probability  of  extinction  is  high 
(Thompson et al., 2000). Small populations are susceptible to local extinction due to loss 
of genetic diversity, through changes in demography and environmental conditions and 
natural stochastic events such as cyclones (Caughley & Gunn, 1996; Frankham et al., 2002; 
Lowe et al., 2004). The risks of this are further increased when the population is subjected 
to intense human activity. Long lived mammals with slow reproduction, at a maximum of 
approximately 4% annually, (Reilly & Barlow, 1986; Wells, 1991; Wade, 1998; Moore & 
Read,  2008)  are  particularly  vulnerable.  The  low  abundance  and  effective  population 267 
 
estimates for both species, along with their apparent fidelity to this area of coast, raise 
concerns for their long term survival. This applies in particular to the bottlenose dolphins. 
7.4 Additional conservation issues 
Human activities make the coastal environment one of the most at risk of degradation. As 
such,  cetacean  species  that  rely  on  these  habitats  are  amongst  the  most  threatened 
(Thompson  et  al.,  2000).  Coastal  systems  under  human  induced  stress  may  take 
considerable time to recover, or if extensive damage has occurred, will not be able to 
recover, despite their natural capacity to regenerate (Wells, 1995). The connectedness of 
organisms within the marine environment results in a knock-on effect when systems are 
disturbed.  As  such,  top  predators  such  as  cetaceans  can  be  adversely  affected  by 
seemingly unrelated changes. If stress is prolonged on a system major changes can occur 
and can lead to a breakdown in ecosystem functioning (Talbot, 1995).  
Both species investigated in this study have been shown to rely on near-shore habitats 
and resources and showed evidence of long term site fidelity, making this even more 
important.  Over  the  last  25  years  there  has  been  considerable  growth  of  the  local 
population and tourism industry, much of it along the coast and river catchment areas 
(Daby, 2006a). Some 90% of hotels in Mauritius have beach front access (Ramjeawon & 
Beedassy,  2004).  This  development  has  been  achieved  with  little  environmental 
awareness, and a lack of environmental impact assessments (Ramjeawon & Beedassy, 
2004)  has  seen  the  removal  of  mangroves  and  lagoon  sand  for  construction  and  the 
introduction of contaminated, untreated water into coastal systems (Sobhee, 2006). In 268 
 
addition, tourist and local activities, such as fishing and snorkelling, have resulted in the 
degradation or destruction of large areas of reef and lagoon.  
An  investigation  into  current  patterns  and  benthic  habitats  of  the  lagoon  at  Morne 
prompted  Daby  (2006a)  to  state,  ‘In  Mauritius  the  worst  effects  of  ongoing  coastal 
degradation  over  the  past  two  decades  of  intensive  industrial  development  are  now 
clearly apparent by the impoverished marine life.....Tourism (marine based) expansion, in 
particular, continues to exert increasing pressure on the shoreline and coastal waters. 
Major consequences include a declining inshore fishery, an increase in the size of the 
denuded  areas  in  lagoons,  widespread  undesirable  shoreline  change  often  related  to 
erosion  problems  and  degradation  of  coastal  water  quality...’  The  dolphin  watching 
activity is a major contributor to these problems as, along with the dolphin observations 
many offer additional excursions. These can include snorkelling, picnics and water sports, 
the majority of which occur in lagoon areas. Without guidance and training for skippers 
and tourists these activities results in anchors, fins and people generally damaging coral, 
the introduction of rubbish and unnatural food sources and increased noise and pollution. 
The lagoon, estuary and reef habitats are important breeding and feeding grounds for 
numerous marine species (Sobhee, 2006; Sato et al., 2008), many of which are likely to be 
prey to the bottlenose dolphin population. Overfishing is known to impact local dolphin 
populations (Bearzi et al., 2006). In Mauritius, degradation of the lagoon and near shore 
habitats, along with overfishing, could have serious impacts on the population. In 1985, 
fish aggregation devices were installed to limit damage to the reef areas but there is 
currently no data available regarding fish stocks (Everett  et al., 2010). In addition, the 269 
 
South West Indian Ocean Fisheries Project (SWIOFP) report (Everett et al., 2010) stated 
that  there  are  currently  no  adequate  studies  regarding  this  issue  and  no  operational 
management plan for the fisheries of Mauritius. 
Mauritius has a very large exclusive economic zone and without a means to adequately 
monitor the waters it is expected that there is considerable by-catch from illegal fishing or 
unreported catches (Kiszka et al., 2009). A number of purse seine boats operate in the 
region (Norungee, 2010), which are a known threat to cetaceans (Wade, 1993; Heckel et 
al., 2000). The SWIOFP report lists several fishing techniques of concern for Mauritius, 
including large net and seine operations, due to the indiscriminate catch, along with small 
nets, shore gathering and harpoon use, as they result in trampling and damage to the reef 
habitat (Everett et al., 2010).  
Water  pollution  from  chemicals  and  heavy  metals  is  also  likely  to  be  a  considerable 
problem in Mauritius. Examination of the levels of heavy metals in water and sediment, 
and also accumulating in some marine organisms, found concentrations were generally 
higher than recommended (Daby, 2006b). High concentrations were found at three sites 
within the study area and could pose a threat to the survival of the cetaceans using this 
area  of  coast.  Heavy  metals  and  chemical  products  that  are  ingested  or  absorbed  by 
marine plants and animals are passed up the trophic levels to be  accumulated in top 
predators  such  as  cetaceans.  Without the  ability  to  metabolise these  substances they 
concentrate in blubber and can potentially cause reductions in health, reproduction and 
calf survival as well as increased risk of disease (Cockcroft et al., 1989; Kannan et al., 2000; 
Schwacke et al., 2002; Das et al., 2003; Camara Pellisso et al., 2008).  While improvements 270 
 
to sewage systems, processing factories and water treatments have been made, levels of 
water contaminants are yet to be assessed. 
In  light  of  these  issues  it  is  hoped  that  this  thesis  will  provide  a  means  to  establish 
management priorities and actions, as well as an impetus for the continuation of the 
research needed to monitor these populations.  271 
 
8  Final Conclusions, Management Recommendations and 
Further Research 
8.1 Overview  
This study was prompted by the threats facing the local cetaceans, with specific reference 
to the dolphin watching activity, perhaps the most intense in the western Indian Ocean. 
Until now there has been no detailed information available regarding these two species 
except for some sightings data. Basic, but vital information on the abundance, population 
structure  and  habitat  use  of  these  species  was  lacking,  thereby  preventing  the 
development  and  implementation  of  management  strategies  and  monitoring  of 
population health.  
 
The objectives of this study were to: 
1.  Establish  abundance  estimates,  residency  patterns  and  temporal  and  spatial 
distribution of the spinner and bottlenose dolphins using the south west coast 
2.  Establish social and basic genetic structure for both species 
3.  Review these results in regards to the dolphin watching activity and other threats 
and 
4.  Make recommendations for management and future research. 
This chapter describes how these objectives were met and how conservation plans can be 
used to protect the subject populations and where to go from here.  272 
 
One of the primary aims of this study was to obtain population estimates, the degree of 
residency to this area of coast and the temporal and spatial distribution for both species. 
On  the  whole,  the  results  summarised  in  Chapter  7,  cover  the  first  2  objectives  of 
establishing  the  baseline  data  needed  so  that  monitoring  of  the  populations  can  be 
effective. However some of the inferences made from the findings should be considered 
with care due to the sparse data used. Both populations require further research over a 
wider geographic area in order to obtain more robust abundance estimates and further 
understand the factors influencing the genetic and social structure, and distribution. This 
is particularly important for the bottlenose dolphins as they already show signs of high 
relatedness  and  a  small  effective  population  size  making  them  vulnerable  to  local 
extinction.  Through  further  investigation  improvements  can  be  made  and 
recommendations for future work to expand on the findings of this study are made below.  
8.2 Recommendations 
The  completion  of  this  study  has  raised  further  concerns  in  addition  to  numerous 
questions regarding different aspects of the spinner and bottlenose dolphin populations 
of  Mauritius.  The  results  detailed  above  establish  important  baseline  population 
information  which  has  been  lacking  to  date,  and  provide  the  background  for 
recommendations for the conservation of both species. Several potential threats to the 
dolphins  have  been  identified  based  on  exposure  to  human  activities  known  (or 
suspected) to impact on cetaceans elsewhere. 
When  considering  the  options  for  management  or  otherwise,  proof  of  affects  to  the 
population should not be necessary for implementing conservation measures (Wilson et 273 
 
al., 1999; Thompson et al., 2000).  When dealing with long lived mammals with slow 
reproductive rates the effects may not become apparent for years until it is essentially too 
late to reverse. As such, the precautionary principle approach is best when dealing with 
the management of human impacted populations, especially when the populations are 
small  and  resident,  as  the  impacts  are  amplified  (Hoyt,  2005;  Bejder  et  al.,  2006b). 
Therefore the first priority should be to reduce possible threats and control direct impacts 
to these populations. In doing so, consideration also needs to be taken to minimise the 
impacts on stakeholders.  Management needs to be combined with education to increase 
awareness of what can happen not just to dolphins but also to the marine environment in 
general.  Many  Mauritians  rely  on  the  coastal  environment  and  its  resources  for  their 
livelihoods,  and  much  of  the  economy  is  dependent  on  tourism  which  is  also  marine 
based. Successful management will ultimately depend on the forward thinking of decision 
makers in seeing that the long-term benefits of conservation and sustainable practices will 
far outweigh immediate economic profit.  
As detailed above, the spinner and bottlenose dolphins differ in estimated population 
sizes, behaviour and habitat use but have similar near-shore ranging patterns. As such, 
management of conservation threats needs to be considered separately for each species 
to provide effective protection. Management should not be restricted to the immediate 
area but extended to the whole of Mauritius, and should include all cetaceans. Based on 
the  results  from  this  study  the  following  points  should  be  considered  when  making 
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1.  Each  species  should  be  considered  as  geographically  defined  populations  for 
monitoring purposes 
2.  High use areas for both species include Tamarin Bay and Morne and should be 
considered for the highest level of protection 
3.  The small local population of bottlenose dolphins need added protection. As such 
habitat conservation measures should include the majority of the range of this 
population to include the areas linking high use habitats. 
4.  The number of sightings of both species at Morne along with many other cetacean 
species suggests this area is of importance and should be considered for protection  
With these points in mind, recommendations for measures to be taken to improve the 
protection of the marine environment and thereby the cetaceans and their prey include: 
1.  Immediate controls should be implemented for the dolphin watching activity in 
the  form  of  a  legal  framework.    Under  this  framework,  there  should  be  a 
specific  licensing  and  training  system  for  those  wishing  to  conduct  Dolphin 
Watching activities. 
Currently, there are guidelines in place for the operators of the dolphin watching activity. 
These guidelines specify speeds of the boat and distances to maintain from the animals 
along with angles of approach and general behaviour while observing the animals. While 
these operational guidelines have increased awareness of the problem, they appear to 
have had limited impact on the behaviour of skippers and tourists alike as there is no 
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the situation will improve. Two commonly used arguments for not following the guidelines 
are that 1) the animals can leave if they don’t ‘like’ it and 2) as the dolphin watching has 
now been operating for 10 years the animals have become habituated to the boats and 
swimmers. In the first case, as both species rely on coastal habitat and particularly this 
area, moving might result in increased energetic costs and decreased fitness as described 
earlier.  In  addition,  the  number  of  boats  involved  can  cause  the  animals  to  become 
trapped and so they cannot avoid the boats and swimmers. Against the second point, 
Wursig et al. (1997) found that even after 9 years of repeated exposure to tourism boats 
and swimmers Dusky dolphins in New Zealand still reacted to their presence and  did ‘not 
appear to have greatly habituated.’ A more recent study on the same population found 
that animals were less tolerant now than ever before to boats and swimmers, despite 
more than two decades to habituate and a very large population size (Lundquist, 2012). 
Based  on  the  observed  behavioural  changes  and  reactions  for  both  the  spinner  and 
bottlenose dolphins in Mauritius this appears to be the case.  
Many options are available for control of whale and dolphin watching activities. In Hawaii, 
when considering management of the spinner dolphins it was recommended that, ‘these 
animals not be approached at all in protected bays that are critical for rest’ (Samuels et 
al., 2000).  
a)  Time and area restriction zones  
These restrictions should be seriously considered for important areas such as Tamarin Bay 
as both species use this bay extensively, however the high use of this area by the general 276 
 
public could make this unrealistic. Alternatively, and more realistically, closure could be 
applied to Point Moyenne Bay, of importance to the spinners, and an area of Morne for 
the bottlenose. These will not only allow the dolphins respite from boats and swimmers, 
allowing them to rest and socialise, but also from the noise and pollution associated with 
large numbers of boat. These types of restriction are also easier to regulate than other 
options  and  help  maintain  a  minimum  distance.  Setting  distance  limits  on  boats  is 
ineffective when so many boats are involved and dealing with wild animals.  
b)  Restrict boat numbers and time with the animals 
One of the main issues is the number of boats involved, some 64 operators, most with 
more than one boat, operate everyday of the year. As such, more appropriate actions may 
be to restrict the number of boats and/or the time allowed with the animals. Additionally, 
limitations might be placed on the size of boats, if they are larger, carrying more tourists, 
less boats would be required and therefore decrease noise and confusion around the 
animals.  
c)  Stop ‘swim with’ activities 
Swimming  with  the  dolphins  should  possibly  be  stopped,  at  least  for  the  immediate 
future, as this encourages more disruptive behaviour by the boats to get closer to the 
animals resulting in greater avoidance by the animals (Weir et al., 1996). With the high 
concentration  of  boats  this  is  a  dangerous  activity  both  for  the  animals  and  the 
participants. Finally, there is still a lack of knowledge regarding the transmission of disease 
between human and cetaceans.  277 
 
 
2.  Increased education regarding the marine environment for school children and 
sea users, especially skippers and guides on dolphin watching boats, deep sea 
fishers and coastal users, as to the importance of restrictions and the long term 
benefits from such measures. 
Many of those people working in the dolphin watching activity have limited education and 
would benefit greatly from knowledge of the species they are encountering and being 
able to pass this on to tourists.  A greater understanding of the marine environment and 
the consequences of allowing degradation to occur fosters greater respect and people are 
more likely to then understand reasons for and benefits of protecting it. The efforts of 
MMCS have already led to some of the local operators establishing an organisation to 
regulate compliance with the Dolphin Watching Guidelines. But this is still in its infancy 
and requires further members, education and support. Additionally, branding could be 
used as a means to promote those operators which have had training and conduct dolphin 
watching  according  to  the  Guidelines.  In  this  way  there  is  an  obvious  benefit  to  the 
operators and incentive for responsible conduct.  
As outlined previously, there are more issues than just those of the dolphin watching. As 
such, additional measures should be considered to protect the wider environment, for 
instance: 
3.  Stronger controls and enforcement for fishing practices. This could include the 
introduction of bag and size limits and alternative techniques, no take zones or 278 
 
seasonal  fishing  for  particular  species  to  allow  populations  and  habitat  to 
recover from previous damage and over fishing and 
4.  Controls for coastal development.  
While  some  of  these  recommendations  are  already  in  place  there  are  a  lot  of 
improvements that can be made. All of these recommendations require the involvement 
of stakeholders, the Tourism Ministry and the National Coast Guard, as none of  these 
measures will be effective without widespread understanding, agreement, monitoring and 
enforcement.   
8.3 Monitoring and Future Research 
This  thesis  along  with the  research  of  the  Mauritius  Marine  Conservation  Society  has 
established the baseline data needed for effective monitoring of the local populations of 
spinner and bottlenose dolphins. Ongoing research is now essential for monitoring these 
populations and the possible impacts of the human activities in the area. In addition, this 
research  has  identified  many  areas  where  further  research  is  required.  The  following 
paragraphs describe these areas and the more immediate measures of monitoring that 
should be undertaken.  
Conservation actions require the research to continue and expand. As long-term data 
become available it will be possible to determine more robust estimates of abundance as 
well  as  survival  and  ranging  patterns.  Persistence  cannot  occur  without  detail  on 
distribution, abundance and population social and genetic structure at a national level. 279 
 
This is becoming increasingly important as it looks like dolphin watching is developing and 
growing in the north of the island and whale watching is also developing. 
Continuation of Photo-identification 
This should be conducted at least on an annual basis to detect any changes in size and 
structure and to build a dataset that enables robust analysis of individual and calf survival, 
population estimates, and social structure and movement patterns. With the bottlenose 
dolphin population being small already, monitoring should be more frequent. 
Long term monitoring is the only way to accurately assess survival rates of individuals. For 
the Mauritian bottlenose dolphins, as the population is small, there should be a focus on 
calves. In order to assess the true status of a population the birth and death rates along 
with immigration and emigration need to be measured. These measures make up the 
population  dynamics.  It  is  these,  along  with  estimates  of  stochastic  events  such  as 
cyclones, that can then be used for Population Viability Analysis (PVA) in order to identify 
where conservation is necessary (Pullin, 2002; Hammond, 2009). 
Continuation of behavioural studies  
This is crucial in order to monitor the populations the dolphin watching activity focuses 
on. In addition, a comparative study of the populations in the north should be conducted 
to  assess  possible  behavioural  changes,  as  these  groups  have  not  been  the  focus  of 
intense dolphin watching. 
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Total island surveys 
Both species were observed throughout the study area and opportunistic observations 
were  made  at  numerous  sites  around  the  island.  This  implies  that  there  are  possibly 
several sub populations and/or individuals are using large ranges. To establish what is 
occurring and determine a more accurate estimate of the total population whole island 
surveys  would  be  beneficial.  This  is  urgently  needed  for  the  bottlenose  dolphins  in 
particular. These surveys may involve boat trips, aerial surveys or land based sites setup 
around the island for multi-site recapture analysis. In addition, data collected from these 
trips would determine the degree of overlap for ranges of individuals and/or groups of 
both species, more detailed information on habitat use and identification of critical areas, 
and finally a better understanding of the social and genetic structure of the Mauritian 
populations. All of which are required to create and improve management plans. 
Continuation of genetic work 
Only a limited number of the identified animals of both species are of known gender 
which restricted the types of social analysis that was conducted during this study. As there 
can be considerable difference between the social networks of females and males this is 
an  area  that  requires  attention.  Continuation  of  the  photo-identification  and  more 
extensive  genetic  work  would  achieve  this  and  help  determine  fine  scale  information 
about group and population structure. Further genetic work on the bottlenose dolphins is 
urgently required in order to obtain a clearer picture of genetic diversity and effective 
population size.  
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Diet and pollutant load analysis 
With the concerns raised regarding the level of heavy metals and possibly other chemicals 
in the near-shore environment, biopsy samples can be used to monitor levels of a variety 
of  toxins  in  the  population  through  the  evaluation  of  blubber  and  skin  samples.  In 
conjunction  with  toxicology  analysis,  stable  isotopes  and  fatty  acids  can  be  used  to 
investigate  feeding  ecology  of  both  species  and  monitor  any  changes.  This  would  be 
particularly informative for the bottlenose dolphins that are likely to be competing with 
local fishermen.  
For the spinner dolphins it is important to look in more detail at the movement of the 
groups either by day long follows or tagging. This would gather data regarding foraging 
areas and diet, and give a better idea of the range and possibly social structure of the 
population. There are also opportunities to look at the interactions between the spotted 
(Stenella attenuata) and spinner dolphins for dietary overlap and habitat/area use. 
Other areas of interest for future research are the influence of predation and what is 
occurring at Morne. From records of shark bites and scars on numerous animals it appears 
that  predation  has  some  influence  on  the  structure  of  both  populations.  It  would 
therefore make sense to conduct research into the distribution and abundance of sharks 
and also the larger cetaceans that have been recorded in Mauritius. 
Morne appears to be an important area for both species with mixed groups frequently 
observed there. This may be due to the more open sea conditions and increased risk of 
predation. Forming mixed groups and thereby increasing the size of groups could be a 282 
 
means of minimising this threat (Psarakos et al., 2003). In support of this are the results 
seen that both species had larger groups at Morne. Alternatively, some other processes 
may be occurring which are attracting the dolphins. The high use of this area indicates 
that while this site is open and generally unprotected compared to the west coast, some 
other factor/s are occurring to produce favourable conditions and the importance of this 
area is worthy of further investigation. 
8.4 Conclusion 
The ecosystem approach to management means that conservation is rarely a matter of 
fixing  a  single  problem.  There  is  a  general  lack  of  data  available  regarding  marine 
organisms and the processes that occur in the waters surrounding Mauritius. It is possible 
that, in an area of coast that is already heavily impacted by human actions, the dolphins 
can be used as a flagship species for urgent conservation action. In doing so changes can 
begin to happen and more interest, awareness and research into the environment will 
develop.  
Constant monitoring of populations and their environmental conditions are necessary for 
their  effective  conservation  (Pullin,  2002;  Reeves  et  al.,  2003;  Hammond,  2009).  It  is 
important that local organizations and stakeholders are involved in the development of 
conservation  processes  along  with  educational  programmes  so  that  a  sense  of 
stewardship and responsibility develops, especially as so many Mauritians depend on the 
marine environment. The extent of the work that is required and the fact that this is not 
just about the dolphins but the environment in general, offers much in the way of capacity 
building. The involvement of the Tourism Ministry, Ministry of Fisheries, University of 
Mauritius, Non-Government Organizations and the general public is essential if changes 
are to occur.  283 
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